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ABSTRACT

Prototyping is an important software development method to rapidly construct

software, validate and refine requirements, and check the consistency of proposed

software designs. This thesis describes the design and implementation of a CASE

tool to be used in conjunction with the Computer Aided Prototyping System (CAPS)

which retrieves and prepares reusable components for use in PSDL (Prototype

System Description Language) prototypes. Reusable components and their PSDL

specifications are stored in an software base.

Components can be retrieved from the software base via its Object-Oriented

Data Base Management System (OODBMS) using PSDL to formulate queries. All

of the PSDL specifications for the reusable components are normalized and stored

in the software base to support efficient search based on a given query PSDL

specification for a software component. The search process is based on both

syntactic and semantic matches between the query and stored components.

Our software base has been designed to be easily configured to support

storage and retrieval of reusable components in any programming language with

the initial configuration for Ada components.

A window based user interface was also implemented to allow easy access to

the software base via the CAPS user interface as well as stand alone use.
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I. INTRODUCTION

This thesis addresses the issues related to the design and implementation of an

automated reusable software component retrieval system. The purpose of the system is

to support the Computer Aided Prototyping System (CAPS) [Ref 1]. CAPS is an

ongoing software engineering research project at the Naval Postgraduate School. The

reusable component retrieval system is a critical component in the CAPS tool set.

This chapter provides an introduction to computer aided prototyping and the need

for automated retrieval of software components. Chapter II details the current state of

the art in component reuse and reusable component libraries. Chapter IV is an overview

of CAPS and its specification language, Prototyping System Description Language

(PSDL), used for specifying reusable components. Chapter IV presents the design and

implementation of the software base for CAPS. Chapter V contains the conclusions of

this research and recommendations for future research. Appendix A details the usage of

PSDL to specify reusable components. Appendix B contains the source code for the

software base system. Appendix C is the source code for the generation of the PSDL

parser. Appendix D presents an example of how to integrate reusable Ada components

into a CAPS prototype. Appendix E provides the specification for the software base

command line interface. Appendix F is a users manual for the software base graphical

user interface. Appendix G is the source code for the software base graphical user

interface.



A. THE SOFTWARE CRISIS

Creating software for hard real-time and embedded compute systems is a complex

process. The complexity of this task has created a situation where the demand for these

systems currently exceeds the ability of the software industry to develop them.

The United States Department of Defense (DOD) is the world's targest user of

embedded computer systems. In the mid 1970's the gap between the growing demand for

high quality software and industry's inability to meet that demand caused the DOD to

investigate potential solutions to the problem. The DOD concluded that the problems

"...appear in the form of software that is non-responsive to user needs, unreliable,

excessively expensive, untimely, inflexible, difficult to maintain, and not reusable."

[Ref. 2:p4l]

One of the results of this investigation was the development of me Ada programing

language. Although Ada provides some capabilities to overcome the shortcomings noted

by the DOD additional software tools are still required if the software gap is to be closed.

These tools are especially needed in the areas of requirements analysis and refinement,

software validation, and software testing. The design and implementation of tools in

these areas continues to be a major focus of software engineering research.
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B. STRUCTURED ANALYSIS

A widely used design methodology that attempted to address the issues in software

development is Structured Analysis [Ref 3:p78]. Structured analysis breaks the creation

of software systems into distinct areas or steps, which is essentially a variation of the

"waterfall" model in DOD-STD-2167A [Ref 4:pl0].

Its first step is requirements analysis. During this step the actual needs and external

interfaces of the system are identified and recorded. The second step is functional

specification of the system. Functional specification uses the requirements from the first

step to specify the proposed external functionality of the software system. The third step

in structured analysis is system design. During the design step the internal aspects of the

system are specified. This design is then used in the fourth step, which is system

implementation. After the system has been implemented the system is tested and

delivered. After initial system delivery the software enters its maintenance phase.

Maintenance of the system follows the same basic approach with each change going

through requirements analysis, design, and finally implementation.

If at any time during this approach an inconsistency is identified the process reverts

back to the appropriate step to correct the problem. This method of software

development has been called the "waterfall approach" because the system goes from one

step to the other as though going down a waterfall. Figure 1 is a graphic representation

of classical structured analysis.
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Flgure 1 - Classical Structured Analysis

This approach has been modified [Ref 3] to make the steps in the model less distinct

and allow more parallel effort. The steps were made less distinct because in practice it

was found that information discovered in later steps sometimes required earlier steps to

be modified. The ability to complete steps in parallel is possible because some functions

lower in the cycle can be performed while higher level items are being completed. This

parallel activity can greatly enhance the efficiency of the overall effort and "allows for

more feedback between steps.

In order for this approach to work there must be a means of communicating the

results of each step other than plain English. This is because English prose can be

amibiguos and if is very difficult to verify the consistancy of a written document.
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Several representations were developed in order to convey this information. These

representations include Data Flow Diagrams (DFD's), Context Diagrams (CD's), Entity

Relationship Diagrams (E/R Diagrams), State Transition Diagrams (STD's), and Data

Dictionaries (DD). These representations make it possible for the developers to

communicate with each other the behavior of a proposed system.

One of the deficiencies of structured analysis is that the English prose used to

describe portions of the requirements of the system often is not precise enough to define

critical subsystems. This is very important where failure of a real-time or embedded

system to meet a given requirement could result in injury or death. Most military

software systems and medical systems fall into this category because failure can result in

life threatening circumstances.

Several high level specification languages have been developed to solve these

problems. These languages support formal specifications of critical portions of the

system. From these formal specifications the system can be verified to achieve the

required functionality. One such specification language is SPEC [Ref 5: p82]. SPEC

can be used to rigorously specify critical sections to avoid ambiguity.

Communication between a software development team and the system's end users is

difficult using structured analysis. This communication is vital since in most cases the

software development team is unfamiliar with the domain of the proposed system while

the domain experts (end users) are unfamiliar with many of the representations used in

the development of the software system.
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Although DFD's, CD's, E/R diagrams, STD's, DD's, and formal specification

languages are very useful for communication between software engineers, many end

users are unfamiliar and/or uncomfortable with them. This results in potential mistakes

or misconceptions between the developers and the users in the early stages of a project

that can go undetected until the first executable version of the system has been

completed. The development of this first executable version of a system can consume so

much of a projects allotted development time or budget that it may be too late or costly

to make any major modifications. This results in the end user being forced to accept a

system that does not meet their original expectations.

C. RAPID PROTOTYPING

One promising area of software engineering research that addresses this problem is

rapid prototyping [Ref 61. A prototype is an executable model of a proposed software

system, usually including a software simulation of the system's hardware external

interfaces. The prototype accurately reflects chosen aspects of the system including

display formats, correctness of computations, and real-time constraints.

Prototyping attempts to solve the communications problem by rapidly developing a

prototype of the proposed system from available information and then using that

prototype to communicate to the user[Ref 71. The executable prototype presents a view

of the system that the user is most familiar with. This allows the user to provide

feedback to the design team that can be used to update the prototype. This feedback

6



process continues until the user is satisfied that the prototype accurately describes the

needs of the system. At this point the prototype system itself acts as one of specification

tools for the final system.

There are two problem areas in the acceptance of prototyping as the preferred

software development technique. The first is that the process of creating and modifying

prototypes must be rapid enough to avoid the same resource consumption pitfalls of

classical structured analysis. The second difficulty is that typically prototype systems are

used only as a guideline for the final system. Yourdon states "when the modeling is

finished, the programs will be thrown away and replaced with REAL programs."

[Ref 3:p98] If all of the prototype system is completely discarded it becomes

questionable as to how effective the prototyping approach is at reducing software system

development cost and time.

Without addressing these two issues prototyping could actually increase the overall

development time and cost of the system as compared to structured analysis. Clearly to

fulfill the promise of rapid prototyping it is necessary to overcome these difficulties.

The solution to the first problem is the development of computer aided prototyping

systems that enable the rapid development of executable prototypes. To achieve this

rapid evolution of executable prototypes it is necessary to achieve a very high rate of

code reuse instead of creating the entire prototype from scratch [Ref 8]. The solution to

the second problem is to implement the prototype with code of sufficient quality that

7



only those modules that require performance enhancements need be re-implemented to

produce the final system.

With this in mind it is clear that for rapid prototyping to be of maximum benefit,

reusable component libraries containing many high quality components coupled with

powerful query techniques to identify components for reuse are mandatory. The

remainder of this thesis discusses CAPS and the development of a reusable component

software base that fulfills these requirements.

D. THE COMPUTER AIDED PROTOTYPING SYSTEM (CAPS)

The Computer Aided Prototyping system is designed as a rapid prototyping system

for hard real-time systems. CAPS prototypes a system through translation of the high

level specification language Prototyping System Description Language (PSDL) into Ada

code along with the incorporation of atomic Ada reusable components [Ref 9]. The

concept of using both specification translation and atomic component composition makes

CAPS a unique prototyping tool. PSDL is unique in that it provides a rich set of

real-time constraints to enable the prototyping of hard real-time systems, and automatic

translation of these timing constraints into Ada tasking information.

The use of composition of atomic components allows for the use of high quality

reusable Ada components to provide the majority of the code to implement the prototype.

PSDL is used to specify the interface and functionality of the atomic components to

make automated searches of a reusable component library feasible.

8



The software base subsystem of CAPS has been designed to allcw the user to create

a PSDL specification of a necessary component and then perform an automated search

of the library for preexisting candidate implementations of the specification. Automation

of the search of the software base is critical because the software base must be able to

grow indefinitely without significantly degrading the users ability to locate components

for reuse. As the software base grows larger fewer components will need to be manually

coded, thus achieving a system that provides greater power with time.

E. GOALS OF THIS THESIS

The goal of this thesis is to describe the design and implementation of a software

base system for the CAPS prototyping environment. The theoretical foundations for

component matching, the development of algorithms to take advantage of these concepts,

the design of a database structure that enables the efficient implementation of the entire

system, and a description of how to obtain the maximum benefit of using this system are

discussed.

9



II. REUSABLE COMPONENT LIBRARIES

As the gap between the demand for software systems and the software industry's

ability to meet it became obvious, so did the need to reuse existing software components.

Many retrieval systems have been proposed and implemented that address this issue.

Several of these systems are discussed in this section.

In order to compare and contrast these retrieval systems it is necessary to develop a

metric by which the systems can be evaluated. How well an information system

performs is based on the nature of the objects that are returned for a given query. The

two most useful measures of performance for a retrieval system are precision and recall

(Ref 101. Precision is defined as the ratio between the number of relevant components

retrieved and the total number of components retrieved. Recall is defined as the ratio

between the number of relevant components retrieved and the number of relevant

components in the database. Precision and recall are both maximal when they equal 1.

There is a tradeoff between precision and recall. It is easy to have a system

maximize one but not the other. If the system returns all objects in the database than

recall will always be I but precision will be very low. On the other hand if a query only

yields one relevant component than precision would be 1 but recall would be low.

In order to obtain maximum reuse of existing software components in a given

collection of components, queries on that collection should have a recall value of 1.

Without a recall of 1, components that could be reused will be missed. The system also

10



needs a high degree of precision because it is possible to spend more time manually

searching through the results of a component query with low precision than it would take

to implement the component manually.

A. RETRIEVAL METHODS

Almost all of the tools developed to assist in reusing software components use one

(or more) of three different approaches for retrieval of components; browsers, informal

specifications, or formal specifications. For this reason a general overview of these

retrieval methods is presented followed by a discussion of some existing tools that use

these methods.

1. Browsers

A browser is a tool for looking through a collection of software components.

The interface for a browser can range from simple text through complex graphical user

interfaces. The goal of all such systems is to allow the user to direct a search through the

available components.

The advantage of a browsing system is that the user is given complete control

over the retrieval process. This can be important for users who are familiar with the

content of the software collection and want the ability to quickly traverse the structure of

the collection to find components that they know are in the collection.

The first disadvantage of the system is that it has very low precision. The user

may have to look at all of the components to find the one that is desired. Because of the

11



manual nature of the search, as the software collection grows the time the user spends

browsing also increases.

The second disadvantage of browsing is that the system relies on the users

knowledge of the structure of software collection. Without such knowledge a user will

have difficulty in directing a search to retrieve a desired reusable component.

The third disadvantage of this type of a system is that unless the user finds

exactly what they are searching for, there is no clear termination point for the search until

every component has been reviewed.

2. Informal Specifications

This technique requires the user to describe or list some attributes of the

component that they are looking for. This informal description is then used to direct the

user to the appropriate components. Examples of some common attributes are keywords

and natural language interfaces.

B. KEYWORD SEARCH

A keyword searching mechanism requires the user to specify a list of

words relevant to the component being sought. The keywords the user chooses can be

drawn from a known system vocabulary (controlled vocabulary) or they can be

unconstrained (uncontrolled vocabulary). In the case of uncontrolled vocabulary

synonym tables are often used to normalize the keyword selections into a known

vocabulary.

12



The advantage of the keyword query is that it is conceptually simple and

reduces the number of components that the user must review. Because of this simplicity

many of the software component retrieval mechanisms reviewed in the next section

employ some aspects of this technique.

There are two basic disadvantages to this approach. The first one is that

the precision and recall of the system depend on how many keywords are used for the

query. Using only one keyword typically will result in a very large number of

components (high recall, low precision). Using too many keywords could miss possible

candidate components (high precision, low recall).

The second disadvantage is that the user must be familiar with the

structure of the keyword categories that are being used by the collection administrator to

achieve maximum benefit form the system. Without such knowledge a user can easily

miss potential candidates that match their needs.

C. MULTI-ATTRIBUTE SEARCH

A multi-attribute search is really just an extension of the keyword

concept. Instead of using only keywords for forming a query, other attributes of the

search component can be used as well. These attributes includes the class of component

(procedure, function, package, etc.), the number and type of parameters used, its domain

of use, etc.

13



The advantage of this type of system is that by using more than just

keywords the search can be more selective. All of the attributes taken together make up

a classification scheme that provides more information than keywords alone.

The disadvantage to this type of system is that the collection

administrator must identify the attributes for stored components and the user must

identify the attributes of the component that is desired. If the user succeeds in filling in

the same attribute values as the administrator will a query be successful, otherwise the

query mechanism must be capable of identifying when two attributes are "close" to being

the same.

1. Natural Language Interfaces

Natural language interfaces for information retrieval is a growing field of

computer science research. An advantage of this system is the ease in which a user

describes a desired component.

The difficulty in this approach is that due to the broad semantics of the English

language, implementation of these systems have had to constrain the language used to

form a query. As the number of constraints on the query language grows the system

begins to be more like a multi-attribute system.

2. Formal Specifications

The use of formal specifications to direct a reusable component query can be

very beneficial. Because specifications systems such as SPEC and OBJ3 [Ref 11] are

based on predicate calculus they are free from ambiguity. This means that formal

14



specifications can be transformed into normal representations without changing their

meaning using logic and term rewriting rules.

Matching of specifications allows queries that achieve both high precision

(formal specifications enable conclusive demonstrations that particular components do

meet the requirements in a query) and high recall (through term rewriting it is possible to

allow candidates with appropriate functionality to be located even if the author of the

component did not anticipate the components being utilized in this context).

The primary disadvantage of this approach is that writing formal specifications

for components is difficult and requires software engineers with advanced skills.

Another disadvantage is that automated matching of formal specifications can be time

consuming.

D. REVIEW OF CURRENT SYSTEMS

1. Draco

The Draco project was born in the early 1980's at the University of California,

Irvine. The Draco approach to software reuse is essentially a multi-attribute query

system. Software components are organized into problem areas or domains. Queries are

constructed by the formulation of a tuple of attributes that best characterizes a particular

domain. Each domain uses a different set of attributes for its queries. This type of

classification of components has been called faceted classification [Ref 12].

15



In evaluating the effectiveness of faceted classification Draco researchers

compared it to a system using no classification scheme. Using faceted classification the

number of components retrieved was reduced by more than 50% yet the precision of the

queries was 100%.

The advantages of faceted classification are that it is conceptually simple for

users and relatively easy to implement. Because of this, the concept has been borrowed

to implement the retrieval methods in both RAPID and OSS (See sections B.2 and B.3).

One of the disadvantages of this type of system is that semantically similar

components may be missed because there attribute definitions are different. Draco

addresses this issue by maintaining a measure of conceptual closeness for the term lists of

each attribute. This allows unsuccessful searches to be tried again using an alternate but

similar term for one of its attributes.

Another disadvantage of this system is that components in other domains that

may be useful are easily missed. This puts the burden on the user to ensure that they

have selected an appropriate domain for their search.

2. Rapid

The RAPID (Reusable Ada Packages for Information System Development)

project is an ongoing effort in the Department of Defense. The objective of RAPID is to

provide software engineers with quick access to reusable Ada packages in the

information systems domain. The system performs reusable component classification,

storage and retrieval.

16



RAPID uses a faceted classification scheme to organize and retrieve

components and thus uses multi-attribute searches [Ref 131. The system is currently

being beta tested but no measures of performance or quality assessments are available

yet.

3. Operation Support System

The Operation Support System (OSS) is an ongoing project aimed at

developing an integrated software engineering environment. The system is being

developed at the Naval Ocean Systems Center. One of the goals of the project is to

establish a Naval software library of reusable software components.

The current prototype library subsystem allows for component retrieval using

faceted classification (See section B.1), keywords, or simple textual browsing. The

components currently stored in the library are for command, control, and

communications and intelligence (C31) systems. Due to the early stages of this project no

information is available on the performance characteristics of the system.

4. The Reusable Software Library

The Reusable Software Library is a system design by Intermetrics to make

software reuse an integral part of the software development process Components in this

system are stored in a database with attribute values that provide the basis for a search.

There are two methods available to search for a component. These methods are based on

multi-attribute and natural language searches.

17



The multi-attribute search provides a menu driven system in which the user

selects the attributes desired for the search. Alteratively the user may express the query

in a natural language form such as "I want a stack package for Integers." The system

parses this natural language input for keywords and forms a multi-attribute query from it.

The designers of the system report [Ref 14] that the natural language front end

is considerably easier to use but the search speed is significantly slower. No additional

measures of performance were provided.

5. Common Ada Missile Packages

The Common Ada Missile Packages (CAMP) project is an effort sponsored by

the Department of Defense to create a software engineering system and reusable software

library of components. The system is directed toward software for missile systems an

uses Ada as the source language for its reusable components.

The main part of the reusable component system is the Parts Engineering

System (PES) catalog. The PES catalog is similar to a card catalog for books. The

catalog system, used by both software engineers and domain engineers, is written in Ada

and provides a menu driven intertace for storing, modifying, and retrieving components

(parts). Queries to this system are of the multi-attribute type.

Users select a set of adributes to search for from a predetermined finite list of

values. The system then queries on each of these attributes one at a time. The results of

these queries can be chained together to achieve a multi-attribute query. The CAMP

documentation [Ref 151 does not assess the performance of the PES Catalog system.

18



6. Software Reuse At Hewlett-Packard

Hewlett-Packard recognizes the need to make software reuse an integral part

of the software development process [Ref 16]. A reusable component retrieval system is

currently under development to help achieve this goal. The system will have a hyper-text

browsing facility as well as using informal specifications to locate reusable components.
J
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11. CAPS AND PSDL

The Computer Aided Prototyping System (CAPS), with its accompanying

specification language the Prototyping System Description Language (PSDL), is an

ongoing software engineering project in the Naval Postgraduate School computer science

department. CAPS is a set of software tools designed to automate the process of

prototyping real-time software systems [Ref 17].

A. USING CAPS TO BUILD EXECUTABLE PROTOTYPES

The basic building blocks for a prototype in CAPS are operators, types, and

streams. The software system being prototyped is modeled as an OPERATOR whose

input and output streams correspond to the external interfaces of the system. For

prototyping purposes, CAPS uses operators for software simulation of external entities as

well. Based on this, the top level Data Flow Diagram (DFD) for the prototyped system is

composed of an operator that represents the proposed system itself, one operator for each

external entity, and the external data streams in and out of the proposed system. This top

level DFD is the decomposition of a single operator that represents a closed system

composed of the proposed software and all external systems that interact with the

software. Figure 2 is an example of a top level DFD for a prototyped software system.
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CAPS prototypes are expressed in the Prototyping System Description Language

(PSDL). PSDL is based on a graph model for real-time system:

G=(V,E,T(V),C(V))

where G is the graph that represents a prototype, V is the set of vertices in the graph

where each vertex represents an operator in the prototype, E is the set of directed edges

in the graph where each edge represents a data stream, T(V) is the set of timing

constraints that are imposed on the vertex set V, and C(V) is the set of control constraints

placed on the vertex set V [Ref. 18].

Decomposition of a prototype is achieved by implementing each of its composite

operators with a graph. Each new graph G' is a more detailed representation of one of
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the nodes in its parent graph G. Decomposition of operators continues in this fashion

until each operator has been fully decomposed.

In order to make a prototype specified in PSDL executable, it is necessary to

provide programming language implementations for all leaf operators. The current

version of CAPS requires that all leaf operators be implemented in the Ada programming

IL
language. Future versions of CAPS will be capable of supporting other programming

languages as well.

Each data stream in CAPS carries an instance of an abstraci data type. The abstract

data type for each stream is defined as a PSDL TYPE component. This definition

includes all of the OPERATORS that can operate on that data type. A PSDL type's

operators can also be graphically decomposed in the same manner as a prototype's

operators. To make a prototype executable, all of the PSDL type's leaf operators must

be implemented in Ada.

In the current version of CAPS the designer uses a graphical editor to design and

decompose the prototype's operators [Ref 19]. Future versions of CAPS will also allow

for graphical design of abstract'data types.

By specifying prototypes in this manner CAPS can rapidly build an executable

real-time prototype for user validation. Any deficiencies that the validation process

identifies can be applied to the prototype and a new executable generated. This process

can be repeated until the prototype meets all of the users needs.
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B. USING REUSABLE COMPONENTS IN CAPS

To achieve maximum benefit as a rapid prototyping system it is necessary for CAPS

to achieve a high rate of component reuse in the implementation of leaf operators. The

software base described in this thesis has been designed to support this goal.

After the user has specified a needed operator or type, they have the opportunity to

use that specification as a query to the software base to look for a potential match. If one

is found it can be included in the prototype. If not the user has the choice of

decomposing the component further or implementing the component manually.

In addition to automatic component retrieval facilities, the software base contains a

keyword browsing feature to assist the designer in finding components in the software

base to be used for manual implementation.

PSDL "was designed to serve as an executable prototyping language at the

specification and design level." [Ref 17, p26] The grammar for the PSDL interface

specification is not biased toward a particular programming language but rather is

general enough to allow it to be extended to support any programming language.

Because of this general design it is necessary to add some pre-defined abstract data

types with specific interpretations related to software reuse to PSDL (not the grammar

itself), in order to adequately specify a component for automated retrieval. These

extensions include a methodology for describing type inheritance and distinguishing
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between different types of generic parameters. A description of how PSDL was extended

to support reusable components in Ada is included in Appendix A.
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IV. SOFTWARE BASE IMPLEMENTATION

A. REQUIREMENTS

The CAPS software base must perform four basic tasks [Ref 20]. Figure 3 depicts

these tasks. Text file storage is a mechanism to store and retrieve portions of a reusable

component. Component browsing refers to giving the user the ability to locate and view

components in a manner other than by PSDL query. The ability to query the software

base by PSDL specification gives the system the retrieval characteristics desired in this

prototyping system. Component integration into CAPS is required once a reusable

component is located so that the execution support system can produce an executable

prototype.

Figure 3 - Requirements for CAPS Software Base
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Due to the complexity of storing variable length source code and querying the

software base using PSDL specifications, a powerful DBMS system is necessary [Ref

211. CAPS is designed to exist in a multi-user networked environment, therefore the

DBMS system also needs to support multi-user, networked access to its data.

Section B of this chapter is a description of the DBMS system that was used to

implement the CAPS software base. Section C describes the segregation of reusable

components into language domain areas. Section D is a description of the method used

to store text files in the database. Section E is a description of the implementation of the

software base browsing facilities. Sections F through H describe the implementation of

the query by specification function of the software base. Section I discusses the

requirements for integration of components into CAPS prototypes. Section J describes a

prototype graphical user interface for the CAPS software base.

B. ONTOS DATABASE MANAGEMENT SYSTEM

The Ontos database management system [Ref 22] is one of a growing number of

Object-Oriented Database Management Systems (OODBMS). It was selected for use in

the software base project because it has sufficient capabilities to handle the requirements

for the implementation of an advanced reusable software component library.

The Ontos OODBMS is not constrained by a particular data model such as

relational or hierarchical systems, but rather allows the database developer the ability to

make any data object persist past the execution of the program that created it.
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Persistence of objects is accomplished by assigning each object a system generated

unique identifier (UID), and providing methods to store and retrieve each type of object.

The Ontos system uses C++ [Ref 23] as its implementation and application

language. The database developer defines the database schema using C++ class

definitions and the Ontos Classify utility. These classes are then implemented using

standard C++.

In Ontos all that is needed to make an instance of a particular class persistent is to

have that class inherit from the Ontos-defined class Object. The Object class construtcor

assigns each object a UID. The methods necessary for reading and writing instances of a

persistent class are defined by the Object class, and thus inherited by all instances of

persistent classes. The reading and writing of persistent objects is transparent to the

application.

Ontos includes a set of persistent aggregate classes in order to efficiently handle

collections of persistent objects. These aggregate classes include List, Set, Array, and

Dictionary.

The List class provides functionality analogous to a linked list data structure. The

Set class implements the standard concept of a set and its associated operations. The

Array class implements the programing language concept of a dynamically sizable array

structure.

The Dictionary class is the most robust of all Ontos aggregate classes. It is a keyed

data structure that can be ordered or unordered. For every entry in a Dictionary there are
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two attributes stored, the Tag and the Element. The Tag is used for indexed look up and

the Element holds the desired data. Dictionaries can be defined with or without duplicate

Tags being allowed. The implementation of these structures is very efficient.

Dictionaries that are unordered and do not allow duplicates are implemented via hash

tables. All other Dictionaries are implemented as B-tree's. Figure 4 shows the

inheritance relationship between the pre-defined Ontos aggregate classes.

Object
I

Aggregate

Figure 4 - Ontos Aggregate Inhertance Structure

Using aggregate classes the designer can define a database architecture that best

suits the needs of the application rather than modifying the application's structure to fit a

particular database model. Using the transparent referencing of the database and

28



aggregate data structures, the developer designs the application as though all data is

immediately available when referenced in a program.

While this type of DBMS may be difficult to use where general ad-hoc query

capabilities are desired, it is ideal for the development of software tools where the nature

of the queries to be issued are known well in advance and the database schema must be

designed to support them efficiently.

C. SEGREGATION OF REUSABLE COMPONENT DOMAINS

The CAPS software base is designed as a general purpose tool capable of storing

components implemented in many programming languages. Because of differences in

the capabilities of each programing language there are differences in the way the

pre-defined abstract data types used in PSDL to specify components are interpreted by

the software base. An example of this is that the char type in C++ is a subset of the type

int while in Ada character is a system defined enumerated type. These differences in the

interpretation of PSDL specifications require that all components of a particular

implementation language be considered in a unique domain.

It is also possible to create multiple component domains for a given implementation

language. This allows segregation of components into major problem areas such as

information systems and control systems.

Each domain in the software base is referred to as a library and is an instance of the

class SBLIBRARY. The class SBLIBRARY inherits from the Ontos class Object and
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thus its members are persistent objects. Each instance of SBLIBRARY is composed of

five parts: a component dictionary, a keyword library, an operator library, an abstract

data type library, and a recognized type matrix.

The component dictionary is used to ensure that duplicate. component names are not

used within a particular library. The keyword library provides the ability to formulate

and process keyword queries on the domain library. The operator and abstract data type

libraries are used for the query by PSDL specification and are discussed in more detail in

sections F.2 and F.3. The recognized type matrix contains the type name matching

information for this library domain and is discussed in section G.

The specification and implementation for the class SBLIBRARY are in Appendix

B. Figure 5 is an attribute diagram for the class SBLIBRARY. The symbols used in

this attribute diagram are the same as those used in Entity / Relationship Diagrams.

Single ovals represent attributes of an object. Concentric ovals indicate a multi-valued

attribute (Ontos Dictionary). The attributes shown for multi-valued objects are the

contents of a single instance contained in that multi-valued object. Underlined attributes

are the key or tag field of a multi-valued attribute (Ontos Dictionary).

D. STORAGE OF UNCONSTRAINED TEXT OBJECTS

In a typical development environment, program source files are stored in the

operating system's directory structure as text files. This is an effective method for storing

source code for a small number ( < 100) of software components. As the number of
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components increases however, this method becomes unacceptable. This is because the

burden for maintaining the integrity of the files is placed on the users with little or no

automated assistance.

FIGURE 5 - UBRARY ATTRIBUTE DIAGRAM

Because of the anticipated size of the CAPS software base the decision was made to

encapsulate all of the component text inside of the software base itself rather than using

the operting system's file structure.

For each component in the CAPS software base there ae six text files that must be

stored. These files are the PSDL specification source code, the implementation language

specification, and the implementation body, the informal description, the axiomatic

specifiction, and a normalized version of the axiomatic specification.

In order to store these text attributes it was necessary to design a persistent class for

Ontos that would allow storage and retrieval of variable length text strings in an efficient
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manner. The software base class SBTEXTOBJECT was develoned to perform this

function.

The SBTEXTOBJECT class supports the creation of persistent text objects and

appends to these objects C++ character strings (char *) or a C++ input stream

(ifstream&). For output, an instance of the class SBTEXTOBJECT can output its text

via a C++ character string (char *) or to an output stream (ofstream&).

The class SBTEXTOBJECT is a child of the Ontos class Object and thus has all

of the Ontos persistent methods for storage to and retrieval from the software base.

Instances of the SBTEXTOBJECT class can be used as attributes of each component

in the software base to store the PSDL and implementation source code. The full

definition and implementation of the class SBTEXTOBJECT is given in Appendix B.

E. BROWSING THE SOFTWARE BASE

Although browsing by component name and keyword browsing are not the

preferred methods for finding reusable components in a large software base, they are a

necessary feature of any software collection. These types of features are required to

allow users to familiarize themselves with the components in the software base as well as

to allow the software base administrators to maintain them. Due to this need the software

base was designed and implemented to support both keyword queries and named look up.
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1. Named Look Up Of Components

PSDL has only two types of software components: abstract data types and

operators. Each software base domain library has been divided into these disjoint

categories of components. For browsing purposes the software base provides a complete

list of either all abstract data types, all operators, or all components in a particular library.

These lists are in alphabetical order and are used to support for named look up of

individual components.

2. Keyword Querying

Each software base library includes a keyword library for handling keyword

access to its components. A keyword library is an instance of the class

SBKEYWORDLIBRARY. The class SBKEYWORDLIBRARY has been designed

to allow the keyword attribute of PSDL to form a keyword structured method of

browsing the software base.

An instance of SBKEYWORDLIBRARY provides a method for listing all

keywords used in the library. From this list a keyword query can be formulated.

The result of a keyword query is a list of those components that possess one or

more of the query keywords. The list is ordered with those components that satisfy the

most query keywords coming first. Figure 6 graphically represents the keyword query

process for a query defined by keywords A,B, and C.

The result of the query shown in Figure 6 will follow the following format:

I. All components in area 1 will be listed first (since these components contain all
keywords in the query).
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2. The next components in the list will be those in areas 2, 3, and 4.

3. The last components listed will be those in areas 5, 6, and 7.

4. Those components in area 8 will not be included in the list since they do not
contain any of the keywords in the query.

L

L - Set of ac coponent In M=W

A - Set of ad corrponenet that contan keyword A
B - Sat of al component that contaln keyword B

C - Set of al corrponents that contcan keyword C

Flgure 6 - Venn Diacram of Keyword Query

The class SBKEYWORDLIBRARY is a Dictionary with individual keywords as

the Dictionary tags. Each tag is associated with a separate Dictionary that contains a list

of components that contain that particular keyword. Figure 7 is an attribute diagram for

the class SBKEYWORDLIBRARY.
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Figure 7 - Keyword Ubrary E/R Diagram

F. QUERY BY SPECIFICATION

As stated previously, the implementation method that was chosen for the CAPS

software base is to store components in a database and use PSDL specifications as the

basis for high recall queries. Each stored component consists of a PSDL specification, an

implementation specification, the implementation code, and a normalized version of the

PSDL specification. The syntax and semantics of the PSDL specification will be used to

direct the search for a component.

Figures 8 and 9 summarize the steps necessary to store components in the software

base and to retrieve them using a given query specification. Components to be stored
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must first pass through syntactic and semantic normalization (see Figure 8). The

normalization processes transform the component's PSDL specification to facilitate later

matching [Ref 24]. Syntactic normalization involves primarily format changes and

statistical calculations while semantic normalization requires specification expansion and

transformations.

Figure 8 - Component Storage Mechansm

Figure 9 shows the general process for component retrieval. A query for a library

component is formed by constructing the PSDL specification for the desired component.

The query specification is syntactically and semantically normalized and then matched

against the stored specifications.

Syntactic matching of the query component takes place before semantic matching.

The reason for this is that syntactic matching is faster than semantic matching and will be

used to partition the software base quickly in order to narrow the list of possible
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candidates that the semantic matching algorithm must consider. Semantic matching is

time consuming and must be applied to as small a candidate list as possible.

Rgure 9 - Query By PSDL Specification

Both syntactic and semantic normalization and matching are required to achieve the

best performance from the system. The main benefit of syntactic matching is speed

whereas the advantage of semantic matching is accuracy. Accuracy is required in order to

reduce the number of reusable components that a designer will have to evaluate before

making a selection.

Consider the example of trying to find an abstract data type for a set. The Booch

component library [Ref 25] contains 34 different variations for implementing a set. The

specifications for these set packages are quite similar but the implementations are clearly

different.
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If we consider generic packages to perform sorting, the Booch library contains 15.

Nine of the 15 Ada specifications are identical with the exception of the name given to

the package. Clearly we cannot rely on syntax alone to provide us a sufficiently fine

grained search. Semantics are also required.

A semantic process alone would be unacceptable because semantic matching would

have to be applied to every software base component causing the search process to be

impractically time consuming. For a more detailed discussion of the semantic matching

mechanisms used by the software base refer to [Ref 261.

The details of the syntactic matching mechanisms employed in the CAPS software

base are addressed in the following sections of this thesis.

1. Syntactic Matching

The purpose of syntactic matching is to rapidly eliminate from consideration

those modules in the software base that cannot match the query specification's interface.

This matching process uses the query module's PSDL interface specification to formulate

a query. Once those modules with unsuitable interfaces have been removed, only a small

subset of the software base needs to be semantically analyzed. The syntactic matching

process reduces the number of candidate modules sufficiently to make semantic matching

practical.

Prior to discussing the design of the software base architecture needed to

support syntactic matching it is necessary to rigorously define what constitutes a

syntactic match. PSDL allows the definition of both type and operator modules. Since a
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type module is a superset of an operator module, the definition of an operator module

match will be given in detail and then extended for use with type modules.

The attributes of a PSDL specification p for a software component c that are

important to the syntactic matching process are the following:

1. S(p)= ( (In(t,n) : there are n>O occurrences of type t as input parameters to c },

(Out(t,m) : there are m>O occurrences of type t as output parameters from c },

(E: E is an exception defined in c),{

St: St is a state variable in c) )

S(p) is the interface subset of the PSDL specification for module c and is the

only part of the specification that pertains to the syntactic matching process.

Given a software base module m, and a query module q, along with their

respective PSDL interface specifications S(m) and S(q) then m is a syntactic match for q

if and only if all of the following constraints are met:

1. 3 fi : S(q) S(m) 3 [(fi (In(t,n)q) = In(t',m)i (m=n and (t=t' or t' is a generic match

of t)) and f1 is bijective]

2. 3 fo : S(q) S(m) 3 [(f. (Out(t,n)q) = Out(t',m)o (m=n and (t=t' or t' is a generic

match of t)) and f. is injective]

3. if (I{sTq)I > 0 then I{STm)I > 0)else (I (STq}= {STm}= 0)

This definition of a syntactic match could be used directly to determine if a

software base component could match a query specification's interface but would require

the system to check every component in the software base. This type of implementation

would be very inefficient. A better strategy involves using the matching rules to derive a
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set of module attributes that can be used to rapidly identify and reject modules with

unsuitable interfaces. Some examples of these derived attributes include:

1. If the number of input parameters in S(q) is not equal to the number input
parameters in S(m), then there can be no function fi to satisfy rule 1. Therefore
S(m) can be eliminated from the search.

2. If the number of output parameters in S(q) is greater than the number of output
parameters in S(m), then there can be no function fo to satisfy rule 2. Therefore
S(m) can be eliminated from the search.

3. If S(q) has state variables defined (i.e. q defines a state machine) but S(m) has no
state variables, then S(m) can be eliminated from the search.

If a component passes these tests, it does not mean that it is a syntactic match,

a failure however, does eliminate the module from further consideration because it

cannot be a syntactic match. These attributes are derivable from the PSDL specification

and can be used to form multi-attribute keys. These keys allow a rapid reduction in the

size of the viable subset of the software base via multi-attribute queries without the need

to attempt to identify the individual mapping functions for each module. For those

modules that are selected by the multi-attribute query additional checks can be made to

identify components that cannot meet rules 1 and 2. These checks form a filtering

mechanism that removes any unsuitable components from the query result.

The rules for the syntactic matching of type modules are similar to those for

operator modules with the addition of a mapping function to map the operators of S(q) to

the operators of S(m) and an additional check to ensure the generic parameter

substitutions used for this mapping function are consistent for all operators in S(m).

Multi-attribute keys can be formulated that incorporate these .additional requirements.
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These keys can then be used for the initial type module database query and additional

checks only applied to those modules that are selected by the multi-attribute query.

Through the use of a complex aggregate hierarchy, the software base can be

separated into disjoint areas, each queriable via multi-attribute keys.

2. Operator Component Library

The class SBOPERATORLIBRARY is structured to allow a multi-attribute

query to be performed efficiently on the following attributes:

1. State-Flag

2. Number_of_Inputs

3. Number_of_Outputs

4. Number_of_Genericfypes / NumberofUnrecognized_Types

The Number_of_GenericTypes attribute is for software base components and

Number_ofUnrecognizedTypes is the corresponding attribute for query components.

In order for a software base operator component m to be returned from the

multi-attribute query for component q it must satisfy the following conditions:

1. StateFlag(m) = State_Flag(q)

2. Number_of_Inputs(m) = Number_ofInputs(q)

3. Number_of_Outputs(m) >= Number_of_Outputs(q)

4. Number_of_GenericTypes >= NumberofUnrecognizedTypes(q)

The fourth requirement is due to the fact that if the software base library does

not recognize a particular type in the query specification the only way that type could be

matched is via a generic type.
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The result of this query is a set of software base components that are potential

syntactic matches of the query specification. At this point additional tests (filters) can be

applied to each remaining component to determine if it should be passed to the semantic

matching step. Applying these filters is an iterative process that must be carried out on

one software base component at a time.

The schema for the class SBOPERATORLIBRARY is shown in figure 10.

3. Abstract Data Type Library

The abstract data type library is similar to the operator component library. It is

an instance of the class SB_ADT_LIBRARY and uses the following attributes for multi

attribute queries:

1. Number_of_ADTs

2. TotalNumberofInputs

3. TotalNumberofOutputs

4. Total_NumberofGenericTypes / TotalNumberofUnrecognizedTypes

5. Number_ofOperators

In order for a software base operator component m to meet an attribute query

for component q all of the following must be true:

1. Number_ofADTs(m) >= Numberof_ADTs(q)

2. TotalNumber.ofInputs(m) >= TotalTotalNumberofInputs(q)

3. TotalNumber-oLOutputs(m) >= TotalNumberofOutputs(q)

4. TotalNumber_of_Generic_Types(m) >=
Total_Number_of_UnrecognizedTypes(q)

5. NumberofOperators(m) >= Numberof_Operators(q)
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The rationale behind requirement 5 is the same as for the operator query.

Again the results of the multi-attribute query is a set of type components that are

potential maps for the query component. The schema for the class SBADTLIBRARY

is shown in Figure 11.

G. DATA STREAM TYPE MATCHING

One of the critical concepts in the syntactic matching methodology is the

determination if a library component stream data type is a match of a query component

stream data type. The criteria for making this decision differs for each implementation

language because they each have their own set of predefined data types and inheritance

techniques.

In order to identify if one stream type can map into another stream type, each

library contains an instance of the class SB_RECOGNIZEDTYPES. This class

contains the names of all of the type identifiers the library recognizes along with a matrix

for determining whether a given type can map into another type that the system

recognizes. This matrix represents all of the subtype relationships among the recognized

types.

The direction of the mapping is important as illustrated by the following

example. In Ada the subtype Natural is defined as the range from O..Integer'Max and

Positive is defined as I..Integer'Max.
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A Positive data type in an input stream of a query can map into a Natural in an

input stream of a stored component since all of the Positive's allowed values are also

valid Natural values. A Natural however cannot map into a Positive because 0 is not a

valid Positive number. The situation is reversed for output streams.

The SBRECOGNIZEDTYPES class also contains information about how

some standard programing language concepts will be identified. These include:

1. Whether or not the language is case sensitive.

2. How type inheritance will be identified.

3. The base type name for generic types, values, and procedures.

4. The base type name for abstract data types.

5. How array types will be specified (including the index type and element type).

An example of the type matrix for Ada and its use is presented in Appendix A.

H. ABSTRACT REPRESENTATION OF SOFTWARE BASE COMPONENTS

The class SBCOMPONENT is an abstract base class for storing the attributes of

software base components. It includes attributes that are common to all software

components. The classes SBADTCOMPONENT and SBOPERATOR inherit from

SBCOMPONENT and include additional attributes that are specific to each.

Two classes inherit from SBOPERATOR. These are

SBOPERATORCOMPONENT and SBADTOPERATOR. These two classes differ

only in the methods for handling generic and recognized types.

Figure 12 shows the inheritance hierarchy used in defining the persistent classes for

software base components. Figure 13 is the schema for the class
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SBADTCOMPONENT and Figure 14 is the schema for the class SBOPERATOR

respectively.

COMPONENTJ COPONEWI

Figure 12 - SOFTWARE BASE COMPONENT INHERITANCE

Each of these schemas contain some derived attributes. These derived attributes are

stored in the software base to prevent them from being recomputed each time they are

needed.

A parser for the specification subset of PSDL was developed using lex [Ref 27] and

yacc [Ref 28] in order to construct instances of the SBADTCOMPONENT and

SBOPERATORCOMPONENT classes. For this parser to take the appropriate

semantic actions, language preserving transformations of the original PSDL grammar

were necessary. These transformations consist of the addition of non-terminals and

productions to allow appropriate semantic actions to be carried out.
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Flgure 13 - ADT Component Attribute Diagram

The source code input to lex and yacc that was used to generate the parser is

included in Appendix C.

I. INTEGRATING RETRIEVED COMPONENTS INTO CAPS

The goal of the software base is to provide to CAPS a component implementation

that is an exact match for a query specification and meets the needs of the CAPS

execution support system. To accomplish this, once a reusable software component has

been located it must be transformed into a form that matches all of these requirements.
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This transformation involves changing parameter, type, and operator names of the library

component to match those of the query specification as well as instantiating any generics.

Figure 14 - Operator Component Attribute Diagram

Rather than modifying the library component itself, the library unit can be used as a

basis for the creation of a separate component that meets the needs of the query

component. This is accomplished via inheritance or using the with statement in Ada.

The software base cannot directly generate implementation code because it is not

language specific. It can generate an abstract representation of how the library

component satisfies the syntax and semantics of a query component. This representation

can then be used by a translation tool specific to a particular implementation language to

generate the implementation code. Figure 15 shows the details of the integration process.
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Figure 15 - Integration of Comnponents Into CAPS

This method of component integration is preferable since additional implementation

languages can be added to the software base as long as a translation tool to generate the

final implementation is provided. Appendix D provides a specification for a proposed

mapping grammar that can be generated by the semantic matching system and used for

generation of component implementation. Appendix D also gives an example of this

process to generate an implementation for an abstract integer set using a generic set

package.
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J. SOFTWARE BASE INTERFACE

C? PS itself is a set of individual tools. These tools are linked together with a tool

interface. One of the CAPS tools is a graphical user interface. The user graphical

interface gains access to all of the other tools in the system via the tools interface. The

reason for having all graphical user interface functions in a single tool is to simplify

future enhancements to the interface.

Based on this structure, each tool in the CAPS system provides a command line

interface that is used by the tool interface to invoke the tool. The software base has been

designed with an interface that meets this requirement.

1. Command Line Interface

The software base implementation provides a command line interface. This

type of interface supports easy integration of the software base functions into the CAPS

system. The functions provided by the software base command line interface are the

following:

1. Make a new domain library.

2. Add a new software base component.

3. Update a software base component.

4. Delete a software base component

5. Generate a list of components in a library

6. Generate a list of operators in a library

7. Generate a list of types in a library

8. Generate list of keywords in a library
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9. Keyword query

10. Component query

11. View a component's source files

12. Output diagnostic information (for testing and maintenance only)

13. Generate a component's mapping for a given query

A function to generate a mapping for a query has not been implemented in the

current version of the software base. For details on the exact syntax of these commands

refer to Appendix E.

2. Graphical User Interface

In order to demonstrate the capabilities of the software base system and the

command line interface, a graphical user interface was prototyped for the software base

system using the Interviews 3.Ob [Ref 29] interface builder application and the

Interviews 3.Ob object library. This interface is not intended to be full functioning but

rather an example of the functionality of the software base system.

Appendix F is the user's manual for the prototype software base graphical

interface. Appendix G is the source code for this graphical user interface.
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V. CONCLUSIONS AND FUTURE RESEARCH

The software base system described in this thesis has been implemented. It has not

yet been integrated into CAPS. Due to the complexity of the software base system, there

are many areas that can be improved by future research. This chapter identifies those

areas that need improvements and provides recommendations where possible.

A. ADDING COMPONENTS TO THE SOFTWARE BASE

Reusable components are currently being selected and tested for possible inclusion

into the software base. This is a labor intensive activity for several reasons.

1. Component Testing

Any component that is added to the software base must be adequately tested to

ensure that it fully meets its specification. Testing software components continues to be

a difficult area in software engineering research and further advances in testing are

necessary to make reusable component libraries more successful. Some relevant research

in this direction is provided in [Ref 30].

2. Component Implementation Restrictions

The CAPS system restricts the nature of the components used in prototypes.

The first restriction is that implementations of OPERATORS must be procedures rather

than functions. The second restriction is that "in out" parameters are not allowed. These
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restrictions necessitate the modification of most existing components that are candidates

for reuse. This includes sources such as the Booch library, the Ada software repository,

the RAPID project, the CAMPS project etc. One method of overcoming this difficulty is

automate the modification process using a translation tool.

3. Writing Formal Specifications Of Existing Components

CAPS an. the software base system require that reusable components be

specified in two additional specification languages. These are PSDL and the OBJ3 used

for semantic matching. Writing these specifications is a time consuming process that

could be partially automated by using the implementation language's specification to

generate skeletons of PSDL and OBJ3 interface specifications.

B. DELETING AND UPDATING COMPONENTS

Updating or deleting components from the software base could cause system

inconsistencies. These inconsistencies take two forms. The first involves other software

base components that may depend on the deleted or updated component. The second is

that previously generated prototypes may depend on the component that has been deleted

or modified. The current implementation of the software base relies on the software base

administrator to ensure that these conditions do not arise. This process should be

automated to ensure that the inconsistencies do not occur.
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To correct the first problem it is necessary to add dependency relationships between

software base components and the software base. This would allow the software base to

ensure that all updates and deletions do not create inconsistencies.

To correct the second problem it is necessary to save the source code for all deleted

or updated components external to the software base. This could be accomplished

through the use of a version control system such as SCCS.

C. EFFICIENCY

The most time consuming portion of a software base query is semantic matching.

The easiest way to improve overall query performance is to reduce the number of

components that must be analyzed by the semantic matching system.

As more components are added to the software base, experience will be gained on

the performance of the syntactic matching system. This experience will make it possible

to identify additional attributes for the multi-attribute queries and to add more detail to

the post-query filtering routines. These additions will reduce the number of candidates

passed to the semantic matching system and thus increase overall query performance.

D. SOFTWARE BASE SYSTEM IMPLEMENTATION LANGUAGE

The long term goal for CAPS is that it be entirely implemented in Ada. A major

portion of the software base system is currently implemented in C++. C++ was used

because there does not exist a tool with the capabilities of Ontos that interfaces directly to
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Ada. As more robust database tools become available for Ada, it will be possible to

re-implement the software base tool fully in Ada. A DBMS of this type is currently

being developed which could be used for future versions of the software base [Ref 31].
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APPENDIX A - USING PSDL TO SPECIFY
REUSABLE COMPONENTS

The ability to accurately specify reusable components with PSDL is critical to the

success of the software base. Due to the general nature of the PSDL interface

specification its use for specifying specific programming languages must be refined. The

software base is designed to recognize the enumeration of PSDL for any language in the

following areas.

A. STRUCTURE OF EXTENSIONS TO PSDL INTERFACE SEMANTICS

1. Generic Parameters

In languages that support the concept of generic units, such as Ada, or in

macro expansion facilities, there are three categories of generic parameters. These are

generic types, generic values, or generic program units.

The generic specification structure in PSDL must be extended to identify a

particular generic parameter as either a type, value, or program unit. This is

accomplished in the software base by defining of three identifiers that have special

significance in the generic structure.

2. Abstract Data Types

There are cases where in the definition of one abstract data type it is necessary

to define others as well. Programing languages such as Ada allow an individual package
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to define an unlimited number of abstract data types. PSDL TYPE's can specify multiple

abstract data type structures through the definition of an identifier that has a special

meaning in the type declaration structure of a PSDL TYPE.

3. Type Inheritance

Most modem programming languages support user defined types. In many

cases user defined types actually inherit from a predefined language type and the new

type retains compatibility with its parent. An example of this is the subtype construct in

Ada.

The software base needs to be able to identify when a user defined type is

compatible with a predefined type or another user defined type. One way of achieving

this is to allow the ability to specify from what base type a user defined type inherits.

This inheritance identification is achieved in the software base through the definition of

an identifier that has special meaning in the type name construct of PSDL.

4. The Array Abstract Data Type

The concept of an array of data is present in almost all programing languages.

Because of this, the decision was made to add the definition of special identifiers in

PSDL to allow the software base to decide when two array types are compatible. The

identifiers are used to identify the type of the index of the array as well as the type of the

element of the array.
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B. EXAMPLE DEFINITIONS FOR ADA

For a particular language library the definitions of the special identifiers are

contained in the rule file used when the library is created. The rule file defined for Ada

follows this description of a rule file's contents. The first field in the rule file indicates if

the language being defined is case sensitive (1) or not (0).

The next six rules define the special identifiers for the following concepts.

1. Type that must be matched generically

2. Inheritance

3. Generic type

4. Generic program unit

5. Generic value

6. Abstract data type

7. Array

8. Array index

9. Array element

These identifiers must all be defined and in this order.

Following these identifiers is a list of type names that the designer wants the

software base library to recognize in this library. The list is terminated with a "-".

Following the - is a matrix of boolean (0 or 1) values concerning type

compatibility. This matrix is constructed by listing all identifiers above the - to identify

the rows and columns of the matrix. A value of 1 at (row x, column y) indicates that

type x can map into the type y.
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C. ADA RULE FILE

0
UNRECOGNIZED
BASETYPE
GENERICTYPE
GENERIC_PROCEDURE
GENERICVALUE
ADT
ARRAY
ARRAYINDEX
ARRAYELEMENT
DISCRETE
RANGE
DIGIT
DELTA
PRIVATE
ENUMERATION
INTEGER
NATURAL
POSITIVE
BOOLEAN
FLOAT
FIXED
CHARACTER
STRING
ACCESS

0000000000000 1 0000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000 1000000 10000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000 1 1 O0 1 0000000000
000000000 1 1 O0 1 0 1 00000000
000000000 1 1 O0 1 0 1 1 0000000
000000000 1 1 0 0 0 1 1 1000000
000000000 1 000 1 0000 100000
00000000000 01 00000 1 0000
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0000000000001 10000001000
000000000 1 000 1 0000000 1 00
0000000l0000010000000010

00000000000000000000000 1

D. EXAMPLE PSDL SPECIFICATIONS USING ADA RULES.

1. Bubble Sort Operator

E. PSDL

operator bubblesort
specification

generic
array-type: GENERICTYPE[

BASETYPE: ARRAY[
ELEMENT: PRIVATE, INDEX: DISCRETE]],

lessthan : GENERICPROCEDURE
input

the_array : array-type
output

the array : array-type
keywords array,sort,bubble
description { Booch library bubble sort)

end

F. ADA SPECIFICATION

-- (C) Copyright 1986, 1987, 1988, 1989, 1990 Grady Booch

-- All Rights Reserved

-- Serial Number 0100219

-- "Resuicted Rights Legend"
-- Use, duplication, or disclosure is subject to
-- restrictions as set forth in subdivision (b) (3) (ii)
-- of the rights in Technical Data and Computer
-- Software Clause of FAR 52.227-7013. Manufacturer:
-- Wizard software, 2171 S. Parfet Court, Lakewood,
-- Colorado 80227 (1-303-987-1874)
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generic
type Item is private;
type Index is (<>)-,
type Items is array(Index range <>) of Item;
with function "<" (Left :in Item;

Right : in Item) return Boolean,
package BubbleSort is

procedure Sort (The_Items : in out Items);

end Bubble-Sort,
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1. Set Abstract Data Type

G. PSDL SPECIFICATION FOR SBSETPKG

type sb seLpkg
specification

generic
t: GENERICTYPE,
block-size: GENERICVALUE,
eq : GENERICPROCEDURE

set: ADT

operator empty
specification

output
s :set

end

operator add
specification

input
X:t,
si : set

output
so : set

end

operator remove
specification

input

si :set

output
so set

end

operator member
specification

input
x S
s: set

output
v : boolean

end

operator union
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specification
input

sl,s2 : set
output

s3 : set
end

operator difference
specification

input
sl,s2 : set

output
s3 : set

end

operator intersection
specification

input
sl,s2 : set

output
s3 : set

end

operator size
specification

input
s set

output
v natural

end

operator equal
specification

input
sl,s2 : set

output
v : boolean

end

operator subset
specification

input
sl,s2 : set

output
v : boolean

end

keywords SET

description ( SET ADT WITH OPERATIONS FOR EMPTY, ADD, SUBSET, EQUAL)
end
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H. ADA SPECIFICATION FOR SB SET_PKG

with text jo; use text-io;

generic
type t is private;
block-size: in natural:=128;
with procudure eq(x,y: in t, v : BOOLEAN);

package sb...se-pkg is

type set is private;
type index-array is array(natural range <>) of natural;

procedure empty(s: out set);
procedure add(x: in t; si: in set, so : out set);
procedure remove(x: in t; s: in out set);
procedure member(x: in t; s: in set, v : boolean);
procedure union(sl, s2: in set; s3: out set);
procedure difference(sl, s2: in set;, s3: out set);
procedure intersection(s 1, s2: in set; s3: out set);
procedure size(s: in set, v : out natural);
procedure equal(slI, s2: in set, v :out boolean);
procedure subset(sl, s2: in set, v :out boolean);

private

type link is access set;

type elements-type is array(l1..block..size) of t;

type set is
record
size: natural:=O; --The size of the set
elements: elements-type; --The actual elements of the set
next: Iink:=null; --The next node in the list

end record;
--Elements(l..min(size,block-size)) contains data

end sb..set-pkg;
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APPENDIX B - C++ SOURCE CODE FOR
SOFTWARE BASE

The source code for the software base included in this Appendix was formatted

using the c++21atex code formatting system written by Norbert Kiesel. His program was

modified to have it generate output that conforms to the requirements of the Naval

Postgraduate School thesis format.
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- - - - - - - - - - - - - --

/CAPS REUSABLE COMPONENT RETRIEVAL SYSTEM CLASS DEFINITIONS

IfJ. K. MCDO WEL L 23 A UG 91

ii-----------------------

*incue<temhx
#include <strseam.hxx>

extern "C--"

#include <string.h>
#include <stdio.h>
#include <stdlib.h>
#include <ctype~h

---------------------

# include <Dictionaxy.h>
# include <Array.h>
# include <List.h>
# include <TRef.h>
# include <Type.h>
* include <Database.b>
# include <Directory.h>
# include <GlobalEntities.h>

I-- -- -- -- --- -- -- -- -- -- ---
/PRE-DECLARE ALL (CLASSES TO AVOID PROBLEMS WITH DECLARATION ORDER

/-- -- -- ------ -- -- -- -- -- --

class SBILIBRARY; //sbI~crr
class SB-ADI -CONPON ENT LIBRARY; //sbaclcx
class SB..QPERATOR.{'ON PON ENT -LBRA RY; //sbocl. cxr
class SB-{EYWORD-LIBRARY;, //sbkwl.cxx
class SBCOMIPONENT: //sbc.cxr
class SB-COM4PON ENT -DICTIONARY; //sbcd. cx
class SBi(EYWORD-DICTION ARY; //shkwd. cxr
class SBJTEXT-OBJECT: //sbfo-cxx
class SB-ADT-COMPONENT: //sbac. xx
class SB-OPERATOR: fIsbo cxx
class SB-OPERATOR-CONIPONENT; 11sboc cxx
class SB-ADT-OPERATOR: //sbao.cxx
class SBJD-DECL-DICTION ARY; //sbidd. cx
class SB1D-DECL; //shid cri
class SBJTYPE-USAC E; //shiti. cx
class SB-TYPE-USAGE-DICTION ARY: llsbfud-crx



class SB-TYPE-NANIE; //sbtn.cx
class SB-ADT-OPERATOR-D1CTONARi"; //sbaod. cxx
class SB.EXCEPTION -.DICTIONA RY; I/sbed. cxr

class SB-RECOGNIZED-TYPES; //sbrt.cr

1SOFTBASE NAM1EING CON I'EN TIONS

iiA. all softbase class names start with "SBI" this eliminates any

/1potential name space conflicts with any other software.

iiB. all TReJ instances start with "the-" and there dereferencing

/funcions use the rest of the name. (ie. TRef *the-jzame,
ISJL* name))
I- -- -- -- -- ----- -- -- -- -- -

Ito eliminate confusion between PSDL types and stream types

//PSDL types are ieje red to as abstract data types (ADT) and
IIstream types ar( refe red to as simply types
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class SBIIBRARY :public Object

private.:

TRef *theadtcomponentJibrary
DictionarylIterat or adt-iteratoro;
SB-ADT-COM PON ENT-LI BRARY *adt-componentlibraryo;

TRef *the-operatorcoinponeiit1ibrary;
Dictionarylterator operator-it eratoro;
SB&OPERATOR .COIN PON ENT -IBRARY *operator-componentJibraryo;

TRef *the-component -dictionarv:
Dictiotiarylterator conmponent iteratoro:
SB-COM PON ENT-DICTIONARY *component-dictionaryo;

TRef *the-key word Jibra ry:
S1J'KEYWVORD-L!BRARY *keywordilibrary():

TRef *the-recognized-types:

SB-COMPONENTA)ICTION ARY *query(SB&CONPONENT*)

public.

// mnethods for oiitos

SB LIBRARY (APL*)

virtual void Dest roy( Boolean a horted =FALSE):

virtual void deIete~bject( Booleaii deallocate= FALSE):

virtual voi(l pmtObject( floulean deal locate= FALSE):

Type *get Direct iype():

SIB-IIBRARY(cliar *uane,cliar *table):

void componenti-ist (ofst reaunk outst ream):

void key word Jist (ofst rea itc otitstreani):

void type-list (ofst reanik& owt ream):

void opera tor-iist (ofst rean k otitst ream B

void qiiery(SIB-OM PONE NI *quiery -coil)ponlelt,of.st ream&k outstream):
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void keyword-query( ifst ream& inst ream, ofst reanA& outstream);

Boolean add(SB..COAMPONE.NT *);

SB.COM IPON ENT *query( char *comnponent .ne);

void updat e-ecognized-types( char *file);

SB-RECOG NIZED..TYPES *recognized Aypes();

void delete-conipoinent (SB-CO!IPONENT *tie-comiponent);
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class SB-ADT.&'ONPONENT-IBRARY : public Object

private:

TRef *tlie-adt-coiipoineiit-dict ioiiarv

SBLCOM PON ENT -DICTION ARY *adt-component-dictionaryo;

TRef *the-niainilibrarv;

Dictionary *rnain-library( ):

public:

// methods for ontos

SB-ADT- -OOMPO.NEN'\TJIlBRARY(APL*)

virtual void Det roy(BIooleaii ab~ort ed= FALSE):

virLual void delete~hject( Boolean deallocate=FALSE);

virtual void p~utOlbject (Boolean deallocat e= FALSE):

Type *get.Direct Tylpeo:

SB-ADT-COM PON ENTLI BRA RY():

Booleani add(SHLA DT-COMPONENT* )

SB-COMPONENT..DICTIOXARY *query(SB3ADThCOMPONENT *query -component);

void list (ofst reanik out stream):

Ijict joiaryiterator iteratl( ):

void (Ielete-cotnipoiicnt (SB.ADT&'OM PONENT *thecompoiient):,
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class SB-COMPONENThDICT1ONARY :public Dictionary

public:

// ontos methods

SB-CONPONENT-DICTIONARY(APL )

virtual void Dest roy( Boolean aborted= FALSE);

virtual void delet eObject( Boolean deallocate= FALSE);

virtual void putOh~ject(Boolean deallocat e= FALSE):

Type *get Direct TNIpe()

SBINMPON EN'rJ)WI oN A RN):

Boolean addI(SI3R'ONMONENT *):

SB-&ONTPON ENT *quiery(char *name):

void p~rint On( of.st cam owt treami);

[)ictlinarylterator lcrator( ):



class S13.OPERATOR-COMPONENTJAIBRARY : public Object

f

private:

TRef *the..operat or-component diction arv:
SB.OM PON ENT -DICTION ARY *operat.or-conponient-dictionaryo;

TRef *the.st ate iiictioiiar% "
Dictionary *state-dictioiiary():

TRef *the-non-stated ictionarv;
Dictionary *non-.state-dictionary();

public:

// onlos methlod.,

SB&OPERATOR-CONMPON ENT JIBRARY(APL )

virtual void Dest ioy( Booleaii aborted= FALSE);

virtual void deleteObject (Booleani deallocat e=FALSE);

virtual void ptutObject (Boolean deallocate=FALSE);

Type *get Direct Type()

SB-OPERATOR-&OM PON ENT -LBRA R)-(;

Boolean add(SB-OPEiATOP LONI I'ONEN\T *new-cornponent);

SB3&ONIPON\ENTJJiC'TIONARY' *query(

SB-OPERATOR-COMPONENT *query-colponent);

void Iist(ofsi realni oiitstreain);

Dictionaryiterator iterator():

void delete-com ponent (SB-OPER3 ATOR-COM PON ENT *the-component);



class SB..KEYWVOR D-LIB RARfY: public Dictionary

public:

// onfos mecthods,

SBJ'EYXVORDILIBRARY(APL*)

virtual void Destroy( Boolean aborted=FALSE);

virtual void deleteObject(Boolean deallocate= FALSE);

virtual void puit Object ( Boolean deallocate=FALSE);

/-----------------

SB-J'EYWVORD-IBIARY():

void query( ifstream&k inst ream, ofst reai outstrearn);

Booleani add-compiloneit (SB-COM PONENT *new-component);

void delete-component (SB-COII PON ENT *t he-component);

Dictionarylterator iterator( :

void list (Ofst reani . outi-team):
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class SB...COMPONENT : public Object

I

private:

char *tie-coinponent-nanie:

TRef *tlie-keyword -dict ionar%:
TRef *the-psd-text:
TRef *the-imp.spec..text;
TRef *the-imp-bodytext,;
TRef *tie-Informal-descriptioii;
TRef *the-formal-description;
TRef *tlie-iorm-formaLdescript ioll;
TRef *tlie-ecognized..tpeiisage:
TRef *tie-unrecognized -type -tsage:

TRef *thie.generic Alsagc:

protected:

SB.{'OMPONENT(APL *tbe-APL):

public:

virtual Type *get Directlype( )0:

virtual void Dest roy( Boolean ab~orted =FALSE):

virtual void deleteObject(Boolean dlea Ilocat e=FA LSE);

virtual void pmiObject( Boolean deallocatte=FALSE):

SB..COM PON ENT(char *id):

virtual void print On(ofstreanik outst leatti)=U:

Booleani addJk-eyword(char *keyword):

char *conmponent-nianie( :

SBJTEXTOBJEC'T *psdl..text():

SB3TEXT-OBJECT *imp~spec_1ext ():

SB TEXTO-03.1 ECT *imip-body-text (

SBTEXTOBJ CT *illformal-descript ioni(



SB.TEXTOBJECT *formal-description();

SBJTEXTOBJ ECT *norn-forml-descriptiono;

S13.TYPE-USAG EDICTIONA RY *gen eri c usageo;

void add-text (ifstrearnik psdl, ifst ream&, spec, ifstream&, body);

void insert .generics( SBiI'YPE -USAGE -DICTIONARY * new -generic -usage);

SBJ-YPE-USAG L.DICTIONA RY *recognized type usageo;

SB TYPE_.1SAGEDICTIO, NARY *unrecognized .Iype usageo;

SBJ' EYNNOR D.DICTION ARY *keyword -dictionaryo;

imt inurn...unrecoginized].ypesU:

virtual hit flumfLgeneric..types( )0;

int total-types():



class SBADTCONMPONENT : public SBCOMIPONENT
f
private:

TRef *the-adt-usage;

TRef *the-operator -specs;

SBADL-OPERATOR-DICTIONARY *operator specso;

public:

IIonlos methods

SB-ADL-COMPONENT (APL*)

virtual void Dest rov( Boolean aborted =FA LSE):

virtual void delete~l.ject (Boolean deaIlocate= FALSE);

virtual void ptObject (Boolean) deallocate= FALSE);

Type *get Direct Typeo:

// -- -- -- --------- -- -- -- --

SB-ADT..CONIPONENT (char *id):

void insert -adt -usage(S -&TYPE _USAGE -DICTION ARY *new .adt-usage);

void insert -operators(S S-A DT -OPERATOR -DICTIONARY *new-operators);

int num-adits( :

int nuni-adt-operators( ):

int total-inptits( :

mnt totaL-outpts(;

virtual jut nu ni-generic-. types( :

Boolean filter(SBADT..COMIPOINENT *Jib)rary-component):

Dictionarylterator adt-Iterator():

Dictionarylterator adt-operator-iterator():

void printOn(ofst reaiiik outst reai)

virtual Boolean process-type-it fo(:

SB-irYPE-tSA(;LDIC1(TION'A fl *adjt isag.f
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class SB..OPERATOR :public SBPONIPONENT

I

privatte;

TRef *the-input-attributes

TRef *the~outputattrbIutes:

TRef *the-exceptions:

Boolean states-flag:

protected:

// onfos miethods

SBOPERATOR(APL * thieAPL);

virtual void Destroy ( Boolean ab~orted= FALSE);

virtual void delet cObject (Boolean deallocate= FALSE);

virtual void I)ut Object (Boolean deallocate=FALSE);

virtual Type *get Directlype( )0:

//-- -- -- -- -- -- -- ----

SBJD.DECL-DICTIONAR)Y *input-at tributeso;

SBAD-DECL-DICIONARY *output..attributtes(),

SBWEXCEPTION -DJIC'TION AIY *exceptionso:

SB..OPERATOR(chkar *id):

public:

Booleani add -nput s(SI3JD-DECL-DICTIONA RY*)

Boolean add-otptluts(SBJD-DECL-DCTIONARY*)

Boolean add-exceptions(SB3 EXCEPTION -DICTION ARY )

jut nll11lniputs( ):

ilt Iiumn-outputs():

virtual int nuihtIgeineric~ypes( )

Dictionarx-Iterafor iipilt-iterator( ):
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Dictionarylteiator out put-iteratoro:

Dictionarylterat or except ion ii eratoro:

Booleani states():

void set-states():

virtual void print On(ofst ream& )



class SB-ADT-OPERATOR :public SB-OPERATOR

public:

// onlos methods

SBADT-LOPERATOR(APL * theAPL);

virtual void Destroy( Booleaii aborted =FALSE);,

virtual void deleteObject(BJooleati deallocate=FA LSE);

virtual void puit Object ( Boolean deallocat e= FALSE);

virtual Type *get Direct Typeo:

//- -- -- -- -- - ----

Bcolean process -ype i nfo(SB -kDTCOM PON ENT *adt);

SB.ADT-OPERATOR(cliar 4)



class SB-flPERATOII&ONIPON ENT :public SB-OPERATOR

I

public:

/ / ontos methods

SB&OP ERATO R-IN IPON ENT(A PL * theAPL);

virtual void Destroy (Boolean aborted= FALSE);

virtual void deleteObject (Booleaii deallocate=FALSE);

virtual void p)it Object (Bo-lean deallocate=FALSE);

virtual Type *getDirectTypeo:

SB&OPERATIIOMP-(O.NINENT(cliatr )

Booleani process-ty pe i nfo( :

B~ooleani filter-(SILOPEI{ATOIL-COMPO.NENT *Iibrary-unit);

1S:



class SB-TEXT-OBJECT : public Object

f

private:

char *thie-ext:

public:

//onlos methods

SBJTEXT-OBJ ECT( A Pb

Type *get Direct Ty peo:

virtual void Dest roy( Boolean aborted=FALSE):

virtual voidl delet cObject (Boolean deal locate= FA LSE);

virtual void pnt Object( Bool. uan(leallocate= FALSE);

SBTEXTOBJECil():

void append(ifstreaik&)

void append(cliar *):

void text (ofst reanmk

char *text( ):



class S13I'~WORD-DICTIONARY: public Dictionary

f

public:

// ontos methods

SBA{EYWORD-DICTIONARY(APL*)

virtual void Dest roy( Boolean aborted= FALSE);

virtual void deleteObject( Boolean deal locate= FALSE);

virtual void ptit Object( Boolean deal locate= FALS E);

Type *getl~irectType( )

Boolean add(cliar*)

Dict jonarylterat or iterator( ):

void printOn(okstireimikc)



class SB3ADT-OPERATOR-DICTIONARY :public Dictionary

{

public:

// onlos inclhods

SB-ADT-JPERATOR -DICTION ARY(A PL*)

virtual void Destroy( Boolean aborted=FALSE);

virtual void deleteObject( Boolean deallocate= FALSE);

virtual void put~lbject(Boolean dealloca te= FALSE);

Type* get DirectiType( )

SB-ADT-OPEH ATOH J)1'i'ION'ARY'()

void a(l(SBADTJ)1PEHATO0i *):

void appeind(Sil-A)'L'C PER,\TORDICTON\AlY *)

iuxt nuni()

mnt tot al-inplit'( ):

mnt total-otoptits( )

Dict jonarvi terat or iterator(l

v Md print lOn(ost reanik



class SBJ-ECEPTION -DICTION ARY: public Dictionary

I

public:

// onlos ineihods

SB&EXCEPTION-.DICTIONA RY( APL*)

virtual void Destroy( Boolean aborted=FALSE);

virtual void deleteObject( Boolean deallocate=FALSE);

virtual void put Object (Boolean dealIlocate=FA LSE);

Type *getDirectTypeo:

SB&EXCEPTION -DICTION ARY();

Boolean add(dxar *):

Booleani append( SLEEXCEPTION -DICTIONARY*

Dictionarylterat or iteratoij):

void printOn(ofstrearnk )



class SBJD-DECL.DICTION A RY public Ob-ject

I

private:

TRef *the-dictionary.by-type;
TRef *the-dictionary-by-id;
TRef *theid-declarationlist:

Dictionary *dictionary-by-type():
Dictionary *dictionary.by-.ido:
List *id-declaratfion-listf):

public:

// onlos methods

SBJD.DECL-DICTIONARY(APL*)

virtual void Dest roy( Booleati alborted=FALSE);

virtual void delet e~b ect(Boolean deallocate=FALSE);

virtual void Iu)ltOject (Boolean deallocate=FALSE):

Type *getDirect.Type():

// -- -- -- -- -- --- ----

SBJD..DECL-DICTIONARYU(:

Boolean add-decl( char *id ,SB-TYPE-NA ME *typenarne);

Booleani add..decl(SBID-DEC'L *(led);

void rejnove-decl( SB- ELDE( L *decl):

Boolean applend((SB-1I)..DEC'LDJC'TIONAlIv )'

mnt nurno;

SBJD.DECL *queryxid(cliar *query-name):

Dictionaryiterator id-iterator( )

DictionaryIt era( or type-itera tor( ):

Listiterator orderijteratoro;

void print~n(ofstreamktc)
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class SBJD-DECL : public Object

I

private:

chiar *the-id;

TRef *thie-ype-iane;

public:

// onlos methods

SBJID.DECL(APL 0):

virtual void Destroy( Boolean abort ed=FA LSE):

virtual void deleteObject(Booleaii dealIlocate= FALSE);

virtual void put Object ( Boolean deallocate=FALSE);

Type* getDirectType():

//I-- -- -- ------- -- - -

SBJD-DECL(cliar *. SB-TYPE-NANIE*

SB.-TYPEjNANIE *typejlanie():

chiar *ido;

void print On(ofst ream& )-
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class SB-TYPE-NAMIE : public Object

private;

char *thie-id;
char *the-baseitype-id:

int the-type-code;

int the-base-type -code:

TRef *tlie-id-decl-dictionary;

SBADA3ECL-DICTIONARY *id-ded-dictioiaryo1;

public:

// onlos methods

SBJTYPENAME(APL *)

virtual void Dest roy( Boolean aborted=FALSE);

virtual void delet e~bject (Boolean deal]ocate=FALSE);

virtual void ptitObject(Booleaii deallocate= FALSE);

Type* get.Direct Typeo :

//- -- --- -- -- -- -- -- -

SBJTYPENANIE(cliar *.SBAD.DECL-DICTIONARY*)

virtual Boolean operator ==(Ent-ity& )

virtual Booleani operator > (Entity& )

List iterator decliterator( :

char *idU;

chiar *base-type-id():

mnt type-code()k

jut base-type-code():

Booleani recognized( ):

itit iium-decl( ):

void lprilt Oii(ofst reaik i&~ tst ream):
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class SB.TYPE-USAGE :public Object,

I

private:

char *thie-ype-id:
TRef *the-type-name:
int the-imes-used:

public:

* // onios methods

SB-TYPE-USAGE(APL *tlieAPL);

virtual void Destroy (Boolea n abort ed= FALSE);

virtual void deleteObject,( Boolean deaIlocate=FALSE);

virtual void put Object.(Boolean deaIlocate=FALSE);

SB TYPELXUSAG E( char *Iicw-tpe-id,SB..TYPE-NAME *new-.type..narne);

char *typejidU;

void usedot:

int tirnesused( :

Type *get Direct TypcU:

void print On(ofst reaii& outsl ream):

SB.TYPE-NANIE *typejiiavw();

char *base-type-id():
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class SBWTYPE-USAG EDICTJONA RY :public Object

I

private:

TRef *the-dictionary-by-type-id;
TRef *tbe-dictionary-by-iiesused;
TRef *tlie-dictionary-by..base-type;

Dictionary *dictionary-bytfimes-used();
Dictionary *dictionaryby-type-ido;
Dictionary *dictioiiaryby-base-typeo;

public:

// onlos methods

SB-TYPE-USAGE-DICTIONAHY'(APL*)

virtual void Destroy (Boolean aborted= FALSE);

virtual void delet eObject( Booleau dealIlocate= FALSE);

virtual void put Object ( Boo)ean deallocate=FALSE);

Type *getDirect Typefl:

SBJTYPE-USAGE-DICT1ONARI'(;

Booleani add-type( char *type-id ,SBTYPE-NAINI E *type-narne);

Boolean add-type(SIETYPE-USAG E *type-usage);

Boolean update(SB-TYPENANIE *type-naine):

Booleani append(SB-TYPE JTSAGE-IlCTIONARY*)

void remove-aisage( SBTYPEAT SAG £ *the-aisage):
int nuni();

Dictionarylterator type-idteratorot:

DictionarylItera t or t imes-used-iteratoro;

Dictionarylterator base-type-iteratoro:

void printOn(of-,tremAii&)
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class S13RECO N IZED.TYPES :puiblic Object

/this object uses a data file which followus the following formal
//for its input

case-sensihimy (0 for no, .1 for yes)

unrecognized-id (ic UNRECOGNIZED for Ada. This id is
automatically asigned to all unrecognized id's)

inheritanct-id (ie base-type used for Ada)
genericitype-id (ie generic-type used for Ada)

gene ric-subprograin-id (ie generic-procedure used for Ada)
abstract-data-typeaid (ie adl used for Ada)

array-id (it array used for Ada)
arra y-indcx-id (le index used for Ada)

(irlay-cleni(O-id (ic element used for Ada)
{ Fcogntz4'±typc-1d)* (all other type-id's known to this language

ze INTEGER, POSITIVE etc. used in Ada)
-(nsul to 5epa rate the IDs from the rule map)

rule mnatrix where 0 indicates no mapping 1 indicates yes
each id entered abore the -makes up the rows and columns of

thf mnatixi

-------------------------------------------------

private:

-1Ref *the-naiize-dictioii1ar%':
Dictionary *name-dictioniary( 1:

TRef *the-row-array:
Array *row-array():

hit array.size:

Boolean case-sertsit ie:

char *convert-to-upper(char *type-id)V

puiblic:

//ontos methods

SB.-RECOGNIZED-TYPES(APL *theAPL),

Type *getDirectTypc():

virtutal voj(I Destroy(BIoolvan allorted= FALSE):



virtual void deleteObject (Boolean deallocate=FALSE);

virtual void put Object (BIoolean dleallocate= FALSE);

/1--------------------

SB.JIECOGNIZED..TYPES(cliar *file);

int type..nuniber( char *typeJi(I);

Boolean map(int rnap-iii ut niap-out);



//th, file con tati, all of the erieriml rcteceuces to 1h(
//ontos typf schmo.

externi Type *SB-L1BRARY-OType
externi Type *SB-A DT-CO,% PON ENT-IBRARY-OType;
extern Type *S-O P ERATO R-COM.PONE NTI-IBRA RY0Type;
externi Type *SB-.2ONI PON ENT..OType;
extern Type *SB-&OM PON ENT.DICTIONA RY-OType;,
extern Type *SB.K EY'IVORD-D1CTIONA RY'OType;
extern Type *SBJ-EXT-OBJECT-OType
externi Type *SI.A DTCOM PON ENT-OTIpe
extern Type *SB-lP E RATOR -OMIPON ENTOType:
extern Type *SB-AI)LOPERATOR-O'Fype:
extern Type *SBi 1)I))E('L-I)ICTIONARY'-O'IvpIe:
exteru Type *SBJ DDEC-L-OType:
extern Type *SBJ-YPE-NAME-OType;
extern Type *SB..ADLrOPEHiATOfi-DICTIONARY'OType.
extern Type *SLLEXC'EPTION.'DICTIONAHY.*OTy pe:
extern Type *SILTYP-U SAG E-OType:
externi Type *SB-TY'PE-LSA(GE-D1CTION'Af R,-o~rpe:
exterun Type *SB- EC'O(;.NJZEDJYT)PES-O0 1 e1(:

extern SB3-.I1BIIY *SlI-NI1NL1BR ARY;

# define DEFAULFN*AM\ELS;IZE 21

#define SI3A*NRl'( 'OG NIZE-I-'ilF1. I

#def ire SBAIASE-TYIPE 2

#def ine SB- N( 1N EMC-YPE 3~

#def in. S~I lN E H l( -S1U I3IlOIHAM -1

#define S11 F:NEH W-VAUI 5

#def in. S B13S H A('IDATA -fYPE 6

#def ine SB-AIHRAY 7

$def in. SB-ARHAY-JNI)EX s

#def in. SIILARRAY-ELEMENT 9



*include "sball.hxx"
-- - - - - - - - - - - -- -

/these definies are to declare the command li
/arguments

extern "C--

int systern(cliar*)
I

$def in. KNL "kwl" // caps-softbase kuwl language out-file

#define KWNL-N 1 // keyword list

$define KNQ "kwq" // caps-softbase kuwq laniguage mnfile out-filc

Sdef in. KWQ-N 2 // keytvord query (2)

#def ine OL "ol" // caps-soft hosf ol lantguagt out-file

#def in. OL-N 3 // operator list (3)

#define TL "ti" // caps-softhast 11 laniguage out-filr

#def in. TLN 4 // type list (4;)

#def in. CQ "cq" //caps-sofibase cq Ian guage psdl-file ouLfilf

#def ine CQN 5 //componont query (5)

#def in. CA "ca" //cap6-softbas( ca laniguage
// psdL file specin body-ti
#def in. CAN 6~ // component add (6)

#define CU "cu" // capssof/ba.se ru oianguage
// psdLfile spcan bod y-n
*define CU-N 7 // componecnt update (7)

#def in, CD "cd" // caps-soflbase rd Iaiiguage cornponlent-iiamec
#def ine CD-N 8 /jcomponent delete (8)

#def in. CL "ci" //caps-softbase ci laniguage out-fil
#def in. CL-N 9 // comnpont list (9)

Sdef ine CGNI "cgm" // caps-soflbasf cg laniguage
// psdl component mal-out
Odef ine CGNLN 10 // comnpon t t genierate mal, (10)

*def ine NIL "'ml" //aps-softbeise ml laniguage genierator table

#define ML-N 11 1 make new library

#def in. CV "cv" //capsoftbase cr laniguage
/cornponienit-amc psdl
Ifada-spec ada-body

Sdef ine CVN 12 //componenf ft 

Sdef in. DL "dl" //caps-soffba.%e dl language
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#define DL-N 13 // de lete laniguage library

#define CDIAG "cdiag" // caps-softbase cdiag language
// componetit-name outfile
#define CDIAG-N 14 // print componenit diagnostics

#def ine LOGICAL-DBNAM E "caps..softbaseLogDB"

#define LIBRARY-PREFJX "SK"

#def ine LIBRARY-SUFFIX "-IBRARY"

#define TEMIPINVIRONMIENT "TEMP"
#define DEFAULTTEMP "./"
#def ine NORMALIZE "caps-softbase-normalize

#ifdef JVTURBOC-
int Iiine.nunmber:
FILE *Nyiii:
#else
externi "C--"

extern int Iienmber: // used lo report the linie number of an? error
extern FILE *)yin: // lcx input .0trcani

#endif

Type *SB-LIBRARY3JOType;
Type *SB-ADL-COMPONENTILIBRARY-OTvpe;
Type *SB-OPERAkTOR-COMIPONEiNTIIBRARY-OTypIe;
Type *S13CON1PONENTOType;
Type *SB-COM PONENT -DICTION ARY .DType:

Type *SB-KEYWNOR DDICTIONA RY'OTvj~c:
Type *SB3TEXT-OB.JECTflType:

Type *SlLA DT-CINPON ENTOType;

Type *SB-OPERATOIL-COM PON ENT OTvpe:
*Type *SB-ADT-OPERATOR-OT\pe:

Type *S13D-DECIDICTIONAR)'OTv pe:
Type *S13JD-DECL-OType;
Type *S13-YPE-NANIE-OTNype:
Type *SB-ADT-OPERATOR-DICTIIONARY'OTvpe;
Type *SB-EXCEPTIONJ)ICTION\ARY..DType:
Type *S13TYPEJTSAGE-OType;
Type *SB-TYNPE-J1 SAGE-DICTIONARY'OT\ype:
Type *SI3JIEC'OGNIZED-TYPIES-OTvpe:
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SB-IBRARY *SB-N1AINiLIBRARY;

SB.COMPONENT *YYPARSE-compoiient; // used by yyparse to pass the components

extern yyparseo);

main(int argc~cliar *argNfl)

int exit-flag;

void update-db typeso;

jut parse-command(iuit argc,cliar *argvo );

Boolean getlanguage-ibrary(int argc,,ciiar *argvfl);

if(0C-open (LOG ICA LDW.N AM E) TR UE)

cout < "THE LOGICAL SOFTBASE «1 LOGICALDBRNANE < "OPEN FAILED\n";
exit(1);

int thie-.operatioin=parse-coirianid( argc .argv);
if(the-operat iDONIML-N kk theoperat ion#-O)

if( !get-linguage-library( argc .argv))

exit ()

update-db-typeso:

switci( the-operation)
I
case 0:

cout ~< "AN INVALID OPERATION WAS GIVEN TO SB\n";
break;

case KWL..N:

if(argc==4)

ofstreai au t file( argv [3] los:: norepl ace);
if(oit file)

//outfile was opencd successfully
SB-NIAIN -LIBR A TRY-keyword-list (outfile);
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exit Jilag~O:

I
else

cout < "UNABLE TO OPEN OUTPUT FILE\n;,

exit-iiag= 1:

else

cout ~< "INCORRECT NUMBER OF ARGUMENTS\n";
exit .flag= 1:

break:

case KWNQ-N:

if(argc==5)

ifst ream inifile( argv [3] .ios: :nocreate):
if( infile)

p/qury file open successful
ofstream ouitfilecCargv -[4] .ios: :ioreplace):
if(outfile)

//oulpul file opened successful
SILMIAIN -L1I BRA RY- keyword -query (infle,ou tfi le);
exit-flag=0:

else

cout. K< "UNABLE TO OPEN OUTPUT FILE\n";

exlt-flag= 1;

else

cout < "UNABLE TO OPEN INPUT FILE\n11;
exit-flag=1;

else

cout ~< "INCORRECT NUMBER OF ARGUMENTS\n.;

exit Jfiagz 1.

break:
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case OL-N:

if(argc==4)

ofstreain outfile( argv [3] ,ios: :ioreplace);
if(outfile)

//output file opened successfully
SB -AtAIN -IBRA RY-operatorist (outfi le);
exitiflag0O;

else

cout < "UNABLE TO OPEN INPUT FILE\n";

exit-Jlag 1;

else

cout ~< "INCORRECT NUMBER OF ARGUMENTS\n";
exit -flag= 1:

break

case CL-N:

if(argc==4)

ofstreani outfile( argv[3] ,ios: :noreplace);
jf(outfile)

//output filt opened successfully

SB-NI AIN -LIBRA RYcomponent ist(outfile);
exit. -lag=O

else

cout, < "UNABLE TO OPEN INPUT FILE\n';
exit -flag= 1;

else

cout < "INCORRECT NUMBER OF ARGUMENT5\n;

exit -flag= 1:

break.

case L :
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if(argc==4)

ofstreain out file( argv[3] jos: :noreplace);
if(out~file)

//output file opened successfully
SBE.MAIN-IBRA RY-typeiist,(outfile);
exit -Jlag=O:

else

cout < "UNABLE TO OPEN INPUT FILE\n";
exit -flag= 1;

else

cout ~< "INCORRECT NUMBER OF ARGUMENTS\n';
exit -flag= 1:

break:

case CQ-.N:

if(argc==5)

yyi1= fopen(arg%-[3]."r):
ifoyyin4N U LL)

//psdl file opcned sucresf ally
ofst reani out file( argv[4] ,ios::noreplace);
if(out file)

//oufflc open so do parse psdl-file
//nest thec transaction so synlar error transaction
//can be aborted

get Janigiiage-library( argc~arg-v);

if(yypar-se( )==0)

//file p)arsed successfully result is
inu YYP4RSE-coniponent

H i( PA RS E cornponent.-'getlirec tTypeo S B -0PERATO R COM1 PON ENT ..OTN

((SB-OPERATOILCOMNPONENT *)YY PARSEcomponent) -
process -type infoo:

else

((SH1ADT&(OMN1PON ENT *)YYIPARSE-cornponent )-
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process-type-info( )

SILM1A IN -LIBRA RY-~query(Y'YPARSE-component,outfile);
// YY)PARSEconpoieiil>Desloy(FALSE);
exit-flag=O;

else

cout, < "THERE WAS AN ERROR DURING PARSING
cout < argv[31 < 11\n";
exit-flag= 1;

else

cout, < "UNABLE TO OPEN OUTPUT FILE\n";
exit-flav~l

else

cout < "UNABLE TO OPEN INPUT FILE\n";
exit-Jlag= 1;

else

cout <~ "INCORRECT NUMBER OF ARGUMENTS\n";
exit -flag= 1;

break

case CAJ\N:

if(argc==G)

yyin=fopeii(argv[3],"r" );
if( yyi n$NULL)

//psdl file open~ed succesfully
ifst ream spec-in(argv(4] ,ios: :nocreate);
if(speciun)

//spec-n file open so do parse psdl-file
ifstream hody-in( argv[5] jos::noreplace);
if( body-in)

//all files successfully open so start transacion
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ne i~st the Iransactions so syntax errors can

Ib( aborted

get-lainguage-library( argc ,argv);
u pd ate -db -ypeso;

if(yyparse( ==0)

/1file parsed successfully, result is
inw YYPARSE-component so add the psdl to it

/1and the spec and body
ifstreamn psdl-in( argv[3] ,ios: :nocreate);

V YPA RS Econiponent- add text(psdi -i,spec- n, body- n);

//now normalize the formal description if there is

//one
if(strien( YYPA RS Ecomponent-

forinal-description (-texto) > 0)

char *teinpdir =getenv(TEMlP-ENVIRONMENT);
if (temp-dir ==NULL)

temp-dir = new char[strlen(DEFAU LT.TEMP) + 1];

strcpy( temip-dir, DEFAULL.TEMIP);

char *t~emp-file = tempnam(temp-dir, "ojb");

char *error-file = ten-pnam(temp-dir,"nrm")-

ostrstreamn commani-buffer;
ost rst ream reinove-buffer;
ostrstream objjfile-buffer;
ostrstreani norm..fi le-buffer;

obj-.file-buffer < templfile < ".obj" <«ends
norm-file-Iuffer ~< templfile ~< ".obj .norm" ~< ends;

chiar *obJ-flec=objifile-buffer.strO;
chiar *niorinifile niorniifile-buffer.st r()

command-Iniffer ~< NORIMALIZE
coninand-buffer ~< obj-file ~< "'I

corm-and-buffer ~< error-file ~< ends;

remove-buffer ~< "rm " ~< temp-fiie ~< ".*";

remove-huffer ~< ends;
ofstreamn forial-desc(obj-file);
YY-

PARSE -component -forial-descript ion( )text(fornal- desc);

forma 1desc. .closeo;
cliar *cojiamad~coainma iiLbuffer.st r()
jilt st at.us -iagsvstem(coni and);
if( stat us-flag ==0)
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/1succsessful so get the norm file
ifstrearn norni-in(norm-.file);
ifj norm-in)

/1file was there so append it
YYPARSE..component-

norir-formal-descrlption ( -
append (norm -in);

if(Y'YPARSE-component-.getDirectTypeo==
SBLOPERATOR.COMPONENT-.OType)

((SB.OPERATOR-COMIPON ENT
*)YYPARSE-xomponent )-

process-type -infoo;

else

((SBADT-COMPONENT
* )YYPARSE~coinponent )-

process Aype -infoo;

if(SB-NAIN -LIBRARY,~
query (YYPARS E com ponent -*component-nameo)==N ULL)

//comnponent not already in library so store it
OC-transactionStarto;
l'YPARSE-component-putObjecto;

Boolean add -status= FALSE;
add -status=SB MAI N -LIBRA RY- add(YYPA RSE componen
if(add-status==TRUE)

OC-transaction~ommito,)
exit-fiag=O;

else

exit-flag= 1;
cout < "UNABLE TO ADD COMPONENT
cout <

Y'YPARSE-coiiiponieiit -coi1lipoient-iianiie(;
cout < "TO MAIN LIBRARY\n";
OC -ransaction Aborto;

else

cout ~< "COMPONENT 1
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YtYPARSE-xorponent-componient-name();
cou, ~< " IS ALREADY IN MAIN LIBRARY '1<

endi.

cout < "UNABLE TO ADD IT AGAIN \n";
exit-lag=1;

else

cout < "ERROR NORMALIZING AXIOMS\n";
exit-flag=l;

else

cout <~ "ERROR NORMALIZING AXIOMS\n";
ifstreain error -t ream (error -file);
if(error-stream)

char *theJine=new char256];
while( 'error..stream~eof0)

error-.streamn get] in e(theline,255);
cout <«theiine < endi;
error..strearn > ws;

else

cout < "COULD NOT OPEN NORMALIZE";
cout < " ERROR FILE\n";

exit-Jlag l;

else

if( YYPA RS-comiponient-getDirectType( ==
SB .OPERATOR-COMPONENT-OType)

*((SB OPERATOR.COMIPON ENT
*)YYPARSEcoipoieiit )-

process-type infoo;

else

((SB-ADT-COMIPONENT *)YYPARSE-component)-
process ty pe -infoo;

if(SB-NMAIN -IBRA RY-
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quiery(Y'YPARSE-component-component-nameo)= =N U LL)

//component not already in library so store it
OC-t ransactionStartO;
YYPARSE..cornponent-.putObjecto;

Boolean add-status= FALSE;
add-st~atus=SB%4AIN -LIBRA RY-add (YYPA RSE-component);
if(add..status==TRUE)

OC-transactionCommito;
exit-flag=O;

else

exit Jlag= 1;
coit < "UNABLE TO ADD COMPONENT "

Lout <
YYNPARSE..coiinpoinent -coinplonient-i.aimeo:

Lout <K "TO MAIN LIBRARY\n';
OC-transactionAborto;

else

canit K< "COMPONENT "<

Y'YPARSE-component-componeintnane();
cout K< " IS ALREADY IN MAIN LIBRARY "<endl,

couit K< "UNABLE TO ADD IT AGAIN \n";

exit-flag= 1;

else

couit < "THERE WAS AN ERROR DURING PARSING "

cout < argv[3] K< "\n";
exit-flag~l;

else

cout K< "UNABLE TO OPEN THE IMPLEMENTATION BODY FILEWn";
exit-flag= I

else

cotit < "UNABLE TO THE IMPLEMENTATION SPEC FILE\n";
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else

cout ~< "UNABLE TO OPEN PSDL FILE\n";
exit -flag= 1:

else

cout ~< "INCORRECT NUMBER OF ARGUMENTSV";

exit -.flag= 1;

break:

case IL-N:

if(argc==lI)

char *Ianguage-iianie=argv[2j;
char *IiIhrarvjliamle=lew chiar[stri-en(Ianguage-nai-ne)+

st rleii(LIBRARY-PREFIX)+
strlen(LIBRARY-SUFFIX)+1];

st rcpv-(IibraryllamieLIBR.A3YPREFJX);
st rcat (lib~rary-jiaime~laiguage-iiamie):
st rcat (library -'iame. LIBRA RY-SUFFIX);
OC..transartionStartO:
SB-AlAIN -IBRARYxiew SB-LIBRARY(Iibrary-lnaine,argv[3]);
SB-NI AIN -IBRA RY-put Object 0
OC-(ratisact ionCoiumit o:
exit ..flag=tJ;

else

cout ~< "INCORRECT NUMBER OF ARGUMENTS\n';

exit -flag= I:

break:

case DL-N:

if(argc==3)

OC-t ratisactionSt art():
SB-NI AIN JIBR ARY-delete~bject(TRUE);



exit -ilag=O;

else

cout ~< "INCORRECT NUMBER OF ARGUMENTS\n;
exit.-flag= 1;

break;

case CV-N:

if(argc==7)

ofstreani I)s(ll oiit (argv[4] ,ios:: noreliace):
if(psdi-oat)

ofst reanii spec -out (argv[5] ,ios::noreplace);
if(spec-out)

ofst ream hodyI-ot(argv[6] ,ios: :noreplace);
if(body-out)

get Janiguageiibrary( argc~argv);
update~db~tyvpeso:
S13COM PONENT

*t hecoiniponieit =SI3J Al N IBRARY'-quiery( argv[3]);
if( thiecoinplonienit-#ANULL)

/component found so dump all streams

(t lie coiiiponen t - iipspec-text( )-text(spec -out);

(t lie com ponent - ini pbody-text( ))text(body-ou t):
psfl-out..closeo;
spec -out..closeo;
body -ou t.closeo;
exit-lag~O;

else

cout < "COMPONENT " < argv[3] ~< "NOT FOUND\n";
exit-flag=];

else

cout ~< "UNABLE TO OPEN THE IMPLEMENTATION BODY FILE\n":

exit AA-g 1:
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else

cout < "UNABLE TO OPEN THE IMPLEMENTATION SPEC FILE\n";
ex it -flag= 1:

else

cout < "UNABLE TO OPEN PSDL FILE\n";
exit Jlag=1;

else

cout < "INCORRECT NUMBER OF ARGUMENTS\n";
exit Aiag= 1.

break:

case CI)A:

if(argc== 1)

SB&C0N PONENT *tlie-comipoinent =SI3-MNAIN 1LIBRARY'-query-(argv[3]);
if( ie-coiiilpoint'I ' LL)

/1compownt found so output its sources to backup
/thee. vs U-hcr( tht SC('S codc goes for flhccomponent

// (fh A'onlIo)0lI(-> psdlt1frtU))-> text (psdl-ou1):
// (th -colflp(?( u~it-> aip-scpccricxt()-> text (spacout);
// (th -comilipit-> rip-bod y-tU)-> text (bodyo ut):-

bop~dy-o ut. (Io % Ur

OC-ra nsa c II il S tavt(
// nouw dfht 1 th( componient from the library
SB13 AAIN IBIi A RY-delet ecornplonent (t he-coimpotienit):
exit Jliag=O:

* ()(>..-t ran sact ion~omniit ( :

cot K< "COMPONENT < ~ argv[3] K< "NOT FOUND\n":
exit Aflag= 1I

else
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cout ~< "INCORRECT NUMBER OF ARGUMENTS\n':

exit-Jlag= 1

break:

case CDIAG-N:

ifI~argc==5)

ofstream oiitfile( argN' [41 jos: rioreplace);
ifout file)

//oulfile was opened successfully
SB.-COMIPONENT *t le com poieiit=SB -lAIN -IBRARY-query(argv [3]);

//comlponlil found so outp)uts its diagnostics

he..comvponent -print On (out file):

else

cout < "COMPONENT "< argv [3] < NOT FOUND\n':
exit-Jiag I:

else

cout ~< "UNABLE TO OPEN OUTPUT FILE\n";
exit -flag=r 1:

else

coul < "INCORRECT NUMBER OF ARGUMENTS\n";
exit-flag=L;

break;

OC-closeo:

exit(exit -lag);

iit yyerror(cliar *'s)



cout < ,\n" < s <« on line number " <Iineinmber;
cout < "\n:
return(O);

void update-di)types()

SB.LIBRA RY-OType= (Type *) OCilookup( 'SBLIBRARY");
SBCOM PON ENT OT,pe=(Type *) OC-lookup(SBCOMPONENT");
SBADT-COAI PONENT-OType=(Type *) OC Jookup( 'SBADT.C0HP0NENT');

*SBJD.DECLDICTIONARY OType= (Type *) OCiookup(SBID.DECL-DICTIONARY");
SBJD-DECL-OType= (Type *) OC Jookup("SB.ID..DECL");
SB..TYP E-.N AM NI OType= (Type *) OC lookup("SB.TYPENAHE");
SBADT-OPERATOR-DICTIONARY-OTpe=(Type *

OClookup( "SB-ADT-OPERATOR-DICTIONARY");
SB ADT-OPERATOR-OTy pe= (Type *) OC-Jookup(S.ADT-OPERATOR');
SBO-0PERATO R _CONI PON ENT -JType= (Type *)OC lookup( "SB-OPERATOL-COMPONENT');
SB.IXCEPTION -DICTION ARY OType= (Type *)OC Aookup("SBLEXCEPTION-DICTIONARY");,
SBTEXTOBJ ECT-OType= (Type *) OC lookup( "SBTEXT...fB3ECT");
SBJ(EYWNORD-DICTIONARY-OType=(Type *) OClookup( "SB&REYWORDDICTIONARY");
S B COM PON ENT -DICTIONA RY-.OType= (Type *

OClookup( "SB.COHPONENT-DICTIONARY");
SBADT-COM PONENT -IBRA RY-OType=(Type *

OClookup( "SB.IDTCOMPONENT-LIBRARY");
SB.OPERATOR _COAIPON ENT _IBRARY .OTNype=(Type *

OClookup( 'SBOPEP ATORCOMPONEN-LIBRARY');
SBTYPEXSAG EOType=(Ty)pe * )OClooktip( tSB.TYPE-USAGES);

SB -TYPE XTSAG E-DICTIONA R YIJType=( Type
* )OCi-ookup(" SB-TYPE-USAGEDICTIONARY"):

SB-RECOGNIZED-T'PES-OTypIe=(Type *)OClookup(SB-ECOGNIZED-TYPES");

int parse-coninanid(int argc. char *argvf3)

int returun'aatie=O:

if(argc >2)

if(strcmip(argN-[1 ].KWNNL)==O)

retiirnvalie=KNVLN:

else if(strcnip(argv[1l.KNNQ)=O0)

ret uiN alie= NWVQ .N
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else if(strcmip( argv[Ij,OL )==O)

return svalue=OL-N:

else if(strci-p(argv[1] .TL )==O)

return -value=TLN;

else if(strcinp(argv(l] ,CQ)==O)

returti-value=CQ.N;

else if(strcjnp(argv[I],GA)==O)

return -%al ue= CA N;

else if(strcinp(argv[l],CU)==O)

return-value=CU-N;

else if(strcmp(argv[IjCD)==O)

return .yalue=CD-N;

else if(strcmp(argv[1],CL)==O)

returii salue=CL-N;

else if(strcrnp(argv[1],CGIl)==O)

return salue=CG MNII

else if(strcrnp(argv'[l],NIL)==O)

return-value=ML .N;

else if(strcmp(argv[l].CV)==O)

return salue=CV.N;

else if(strcmp(argv[l],DA)==O)

ret~urn-value=D N ;

return return-alue;
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Booleani get-laxiguage-library(iiit argc~cliar *argvfl

Booleaii returnJlag=FALSE

if(argc > 0)

char *language-iiaie=argv[2];

char *Iibrary-name=new cliar[strlen(language-.name)+
strlen (LIBRA RY-PREFIX) +
strlen( LIBRARY-SUFFIX)+1];

strcpy(I ibrary -itame. LIBRA RY-PREF IX);
st rcat (library -mame,Iaiiguage..name);
strcat(library--iamie,LBRAR...SUFFIX );

// ASSIGN- THE GLOBAL V'ARIABLE SBMAAINILIBRARY THE VALUE OF THE
LIBRARY

SB3AIAIN-IIBRA RY=(SB -IBRARY *)OC-lookup(library-name);

if(SBMNAIN-JABRARY==NU LL)

cout, < "LIBRARY FOR LANGUAGE
cout K< language-iiame ~< " NOT FOUND\n";
return Jlag=FALSE:

else

ret urn Jag=TRtTE:

else

f
couit K< "INCORRECT NUMBER OF ARGUMENTS\n";

return returnflag:
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# include " sball. hxx"

# include "sbextern.h"

SB-A DTCOM PON ENT::SB -A DTCOM PON ENT(APL *theAPL):
SB..COM PON ENT(theAPL)

SB -ADT-.COMIPON ENT::SB-A DT-.COM PON ENT (char *id): SB.COMPONENT(id)
f{

SBTYPEU SAG E-DICTION ARY *new .adtusage=new
SBJTYPE -USAGE _DICTIONARYO;

the -adt -usage= new~ -a~d t -usage- findTRefo;

SB-ADT-OPERATORJMICTIONARY *new-operator -specs=-ew
SB-ADT-OPERATOILDIlk f IONARY();

Lte-opera tor-specs= new -operator -specs- findef HMO

void SBADTCOM PON ENT: :insert, -adt-usage(SB -TYPE -iUSAGE -DICTIONARY*
new-adt .usage)

I
adt-usage( -appen( niew-.adt-alsage)

void SBADL-CONM PON ENT:: insert -operators(S B -ADT -OPERATOR -DICTIONARY*
new-.operators)

f
operator -specs( )-a ppend (new -operators);

void SBA DT-COMPON ENT:: Dest roy( Boolean aborted)

adt -usage(- )Dest roy(ahorted);

operator.specs( )- Dest roy (abort ed);

delete the..adt-isage;
delete the-operator-specs;

SB-COMPONENT::Destroy (ab~orted):

void S B-A DT-COM PON ENT:: defl e~hject (Bloolean deallocate)



ad t usage( -delete~lbject (FALSE);

operator -sp ecs( )-deleteObjec t (FALSE);

SB -COM PON ENT: :deleteObject(deallocat e);

void SB-ADL-COMPONENT: :putObject(Boolean deallocate)

adt-.usage( -putObject(deallocate);

operator -sp ecs( )-putObjec t(dea llocate);

SB...COM PON EN T::pit Object (deallocat e):

SBLTYPEX SAGE -DICTIONARY *S BA DT-COM PON ENT::adt usage()

return (SB-TN'PEUSAG EDICTIONARY *) (the-adt-usage- Bindingo);
1;

SB-ADT-OPERATOR-DICTIONARY *SB-A DT-COM PON ENT::operator -specs()
I

return (SB-ADL-OPERATOR.DICTIONARY * )(the..-operator-specs- Bindingo);

Type *SB-ADT-CONPON ENT:get Direct.Type(

return SB-ADT-&OMPONENT..OType:

void SB-A DT-COM PON ENT: :printOn(ofstreani& outstrearn)

outstream < "\nOUTPUTING THE CONTENTS OF DATA TYPE "

outstrean <~ tliis-componen-n a ne() <« :n~
outstrearn < "num unrecognized types "< nunt-unrecognized-types() < \"
outstreani < "GENERIC SPECS\n'%
S B COMN1PONE NT: :generic -usage( )-pri n tOn (outstream);
outstream < "\nTYPE SPECS\n';

* adt..usage( -priint.On(oitstreaim);

outStrearn < "\nDPERATOR SPECS\n';
operator .specs( )-pri nt On (out st rea m):

outstreani < "\n\n";
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jut SB-ADT-COAM PON ENT::nunt-adt-operators()

I
return operator specs( )-num()

II;

int SB ADT COM PON ENT:Atotal inputs()

return opera tor-specs( )-tota I -in pu ts()

jut SB-ADT-COMNPONENT::nuniiadt~s()

return adt-usage( -nurn()

jut SB-ADT-C-ONIPON ENT::total-oiitput so

return opera Lor-specs( -tot al -out putso:
1;

Dictionarylterator SB.A DT-CO M PON ENT:: adt -operator -iterator()
I

return operatorspecs( -it erat oi():

1;

Diction arylterator SB-ADT-COM PON ENT: :adt -it~erator()
f

return adt-usageo-tvpe-iditerator():

Boolean SB-A DT -CONI PON EN T:: process -type j nfo()

fell! each oproor to update its type usage lists
theyq, julurn updalf the adi 1181.5

Dictionarylterator iext-operator=adt-operator-iteratorQ;
while(next operator. moreDa ta())

((SB-ADT..OPERATOR * )(Entity *)next -operatoro)-
process Aype jnfo( this):

return TRITE:

int SB-ADT-CONIPON ENT::num -generic-types()

int the-nun=O:
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Dictionarylterator next..operat or=adt operator iteratoro;
while(next operator. noreData())

the-nurn=the.1tun+
((SB-ADT-OPERATOR *)(Entity *)next. -operatoro)-.

nurn-generic-typeso,

n ouw gel an iferator for the adi generics list

Dictionarylterator next A=SB-COMI PON ENT: :generic-isage( ,-
typeiditeratoro;

wile(iiext-id .noreData0)

SB-TYPE-USAG £ *t ie-usage= (SB -TYPE -USAG E*)(Entity *)next-ido;
SB-TYPE-NAN[ E *t-N e- ne=t he-usage-type-naimeo-,
if( the-tiype-iamie-type-code( =:=SBG ENERIC-TYPE)

thie.nunm=thejiun+:

returni thie-nun:

Boolean SB-ADTXO NI PON ENT:Ilt er(SB-A DTCXOMIPON ENT *library-unit)

//apply additional fil/hr operations to t/he library unit
//to see if i/ic comiponent can be rejected. True means
/that it may still be a mnatch. False indicates no match

retuirn TRUE:
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# include" sball. hxx"

# include" sbextern. h'*

SBADT-COM PON ENT-LIBRA RYI;::SBLA DTCOMPONENTJAIBRARY(APL *theAPL):
Object(tbeAPL)
f

SBADL.COM PON ENTJAIBRARY: :SBADL.COMPONENTJAIBRARY() Object()

S13COMPONENT..DICTIONARY *new -adt component-dictionary=
new SB.COM1PON ENTLDICTIONARY();

tbe-ad-corn ponientdictionarv-=
niew ad t-coi poiien tdiction a i- -fin dTRefo;

Dictionary *ne%%jnain_1ibrary=new Di ctionary(OC-integer,
OC-dictionary,
TRUE,
FALSE);

the -. nainlib ra ry=new-.n ani i1ra ry-fi ndTRefo;

void SBADTCOMIPON ENT-IB RA RY:: Destrov( Boolean aborted)

adt-conponent.Aict ionary( )- Destroy (aborted):

//now must iterate through the nmultz-atlri bute free of
//dictionaryies to destroy each one of themn

Dictionary *by..numiadts;
Dictionary *by ilum-operators:
Dictionary *by-nun-total-inputs;
Dictionary *by-liuni-genlerics;
Dictionary *by-num-total-output-s;
Dictionary *Ieaf-.dictionary;

by~nurn~adts=rnain_1ibrary0;

Dictioriarylterat or niext-by- jrnniadt(b.numiiadts);

while(next-by-nuntiadt .moreDatao)

by..nunuioperat-ors=( Dictioniary * )( Entity * )next-.by-.numadt;

//comnpownts must ha?- at least as miany operators as the query
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Diction ary t erator niext-bynluinioperators( by-ii.un-operators);

wliile( next -hy-nu i-nop era tors. moreData)

by-nuim-generics=( Dictionary *)( Entity *
next -by nlum -operators():

Dictionarylterator niext-.by- inmgenerics( by .num-generics);

wliile( next -by-num-generics.nioreDatao)

*by-numji-otal-outputs(Dictioniary *)( Entity *
next -by..nun-genericso;

Dictionarylterator
next -.by...uzltotal-out puts(bIy-nun-total-outputs);

wliile(iiext-.-yui..totaL-outputs.imoreDatao)

b~y -hm -ot al-i iputs= (Dictionary *)( Entity *
next .hy -iium-total-out putso;

Dict jonarylterator
niext-by-i in ji-otal-iinputs( by...num-.totaLinputs);

wlhile(inext-bv-inumit otaLiinputs.rnoreDatao)

Ieaf-dictioiary= (Dictionary *)(Entity *
nlext-.by...nun-t ot~al-iiputs()

leaLdict ioinary-Destrov.(aborted);

IA Nu-inii.t ot al-inpu~ts-Destrov(aborted);

bv..iiinjot alou p~uts-Dest roy( al)orted);

byjliuniigeiierics-Destroy(aborted):

byjnuni-adts-Destroy(aborted):

delete t he-idt-cornpoinent-dict ionarx*
delete the-inainilibrary ;

Object:: Dest roy( aborted);
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void SBA DTCOM PON ENTJLI BRA RY: :deleteObject (Boolean deallocate)

adt-cornpoient..dictioniaryo-deleteObject(deallocate);

//now must iterate through the multi-attribute tree of
1/dictwnaryies to destroy each one of thenm

Dictionary *by..nun-adts;
Dictionary *by-nuni-operators;
Dictionary *by..nun-total-inputs;
Dictionary *by-nun-generics;
Dictionary *by-nurnaotal-outputs;
Dictionary *leaf-dictionary;

by .nurn..adts=rnain~library0;

Dictionarylterator niext-by'jiumadt( by-inuniadts);

while( next-byniuniiadt .roreDatal I)

by...nuim..perators=( Dictioniary * )(Entity * )next..by.nurnadt0;

// compoint s must haive at least as many operators as the query

Dictionarylterat or iiext-by-.numiioperat~ors( by-num-operators);

while(inextby,-iuint-operators.noreDatao)

by._.nu i-ngenerics= (Diction ary *)( Entity *
next -bynu in operatorso;

Dictionarylterator niext-by-num-genierics(by-num-generics);

wliile( next .by-iiunigenierics.mioreData()

by-iluni-t.otal-otpits=( Dictioniary * )(Entity *
next i~y-nunigenerics()

Dictionarylterator
next -by-.nulni-ot aLotputs(by..nun-totaLoutputs);

wbile( next-bvl-iu imtotaLoutputs.moreDatao)

by-.nutntotal-inputs=( Dictionary *)(Entity *
niextjyj--luntotal-outputso;

Dict ionarylterator
inext .bynumiiitotal-iiiputs( by-num-totaLinputs);

whfle( next ...hy.JiiuntotaLinpts.nioreDatao)
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Ieaf-dictionary= (Dictionary *)(Entity *
next -by-iium-total-inputso;

Ieaf-dictionarv- deleteObject(FALSE);

by-iiutotal-iiputs-deleteObject(FALSE);

by-iiuimi-tot~al-outputs-deleteObject (FALSE);

* by-jiuingenierics-deleteObject( FALSE);

by-.numiiadts-deleteObject(FALSE);

Object ::delete~lbject (deallocate):

void SBADCOM PON ENT-IE ERA RY: :putObject(Boolean deallocate)

adt-coniponent -.dict ion ary ()-Dict ionary:: :putObject(deallocate);
maiiiJibrar,( )-putObject(deallocate);

Object:: put Object (deal locate):

Type *SBADTCONI PON ENT -IBRARY::getDirectType()

return SBADT_&ONI PON ENT -IBRA RYOType;
1;

S13-COMPONENT-DICTIONARY
*SB-A DT-COMPON ENT _LIBRA RY: :adt .compoiient-dictionary()

{
return (SB-CONMPON ENTDICTIONA RY *)(Entity *

tble-adt.comipoienit-dictiolary-Biindiig(

Dictionary *SBA DT..fOM PON ENTJALBR ARY. main-ibrary()

return (Dictionary * )(Entity *)t lie-mai iiibra ry-Binding();
1;

Boolean SBAIDT &ON PON ENT -IBRA R::add(SB ADTGCOMIPON ENT *newjcornponent)

Boolean return-flag=THUE:

125



Dictionary *by-jmuinadts;
Dictionary *by-.nurnoperators;
Dictionary *by-num-total-inpu ts;
Diction~ary *by..nurn-generics;
Dictionary * by..numaiotal-outpu t s;
Dictionary *Ieaf..dictionary;

adt-componeiitdictionary( )add( new-cornpoinent);
ad t-.corponent-di ction ary() )- Dictionary: :pu tObj ecto;

/insert into the component dictionary was successful!
//so insert it info the library

//get the dictionary for the numiber of adi 's

by-jnuiniadts=imaili-Iihrary( )

// now find the dictionary for adi-operators

if( by-iiunu-adts-isl ndex(inew...com ipoineit-iiuniadtso))

by-iinmoperators=( Dict~liary, * )(Entity * )( *bynumadts)
[niew-.conioeit-.nuniadts( ];

else

by-m.um-operat ors=ilew Dictionary( OC-integer,
OC .dictionary,
TRUE.
FALSE);

by-nuiiadts-Ilnsert (newvcomiponieit -

nuilna(Its()
I)yfln -111-opera tors):

//have correct by-iinioperutor dfctioinary so get the
//generic types diet.

if( by-iium-olperators-isndex( iiew..corn j)oient -
nu m-adt operatorso))

by-tiuigeiierics=( Dictioniary * ) Ent itv
(*by-num-operators)

new..coniponent -
nimadt-operators( ]:

else
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by..niigeiieris=new Dict ionary(OC-iiteger,
OC-dictionary,
TRUE,
FALSE);

by -iuin -opera tors- Insert ( new -con poneAt-
nun-adt-operatorso,
by..nunLgenerics);

//got the gulierics dictiontary so get the total basc
IItypes dictioniar-y

if(by-im ingenierics-isl udex(-.e% -wcoin poiieit -
1 ilIgeuerictypes( ))==TRU E)

byijiuiotaL-oitputs=( Dictioniary *)( Entity *
(*byimum~geiierics)

[niei>.coniponientt-n iiiigenieric-types( ];

else

1.,.niumit otal-otitt pts=liew Dictioiiary(OC-integer,
OC-dictionary,
TRUE,
FALSE):

by-iinigeiier-ics-l ns-ert (iiew..coimponieit -

num-geiieric..typeso).
byjnum.total-out put's);

if(by-nuiitotal-otputs-
isbidex(iiew -comipoiiet.-tot a]_oitputs( ))==TRU E)

bv...numnitotal-inpiits=( Dictioniary, *)(Eiitity *
(*by iuin~totaIoutputs)

[iiew..compoiewt-lot al.outputs( )J

else

hvniumntotaI~iipats=new Dictionary(OC-integer.
OC-dictioiiary,
TRHUE,
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TRUE);

by..num-tot aloutputs- Insert ( uew-component -

tota -~out putso,
by-nu i -ot al-input s);

if( by-num-totaLnputs-
islndex(new -cornponent-t ot alinputs )= =TR UE)

Ieaf-dictionary=(Dictionary *)(Entity *
(*by-iun-total-inputs)

(niew-cornponient.-totaL-inputso]:

else

Ieaf-dictionarv=new Dictionary(OC..string.
SB-ADT-COMIPONENT-OType,
FALSE,
FALSE);,

byj-iititot aL-iitits-luisert ( new comiponieit-
tot al..inputs( )
Ieaf-dictioiiary);

/1hare to leaf dictionary so nor znseri the component into it

Ieafiditioniar--I isert ( new-coniponeit -comiponienit .iaiaeo
new-component):

by-nuiiiadts-putObjecto:
byjnnmoperators-put Object():
by-iium..tot.al-ipts-tObjeCto
by-rnirngeiierics-putObject():
by-iunk-total-ot puts-put Object():
leaf-dictiontary -pt Ohljecto.( :

return return-flag.

void SB -A DLCONIPON ENT -IBRA R)::delet e-omponent(SBADT COMIPON ENT
*the-cmponcnt)

Dictijonary *by-nuim-adis
Dictionarv *byvjiiin11operators;
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Dictionary *by-nun-tot alinput s:
Dictionary *by-nuni-generics;
Dictionary *by-num-total-out puts;
Dictionrry *Ieaf..dictionary;

adt-corpoinenitdictioniary( -Remiove(tiie-corpoinent-component-nameO);

adt-component dictionary(- )Diet ionary: :putObjecto;

by-mum.-ats~niain-libraryo;

//now find thec dictionary for adLope rotors

if(bv..nun-adts-slnidex( tliecotinponent.-nuiniadtso))

by-iiuniioperators=( Dictioiiary *)( Entity * ) *bynumadts)
[the..conpilonenit-nui...iadts( ];

//have correct by-mini-operafor dictioiiary so get I/he

/1generic types didt.

if(b -v.nu nop era t ors- isl n dex( the-com ponent-
num-.adt..operatorsQ))

by--lumii-enerics=( Dictioniary *)( Entity *
(*byjrnLoperators)

[tlhe..comnponent -
nu iiiadt-operat ors( ]:

//got the genierics dictiary so get the total base
/types dictionary

if( by..niiiigeneri cs-isl ndex( tlhe-comiponieit -
iiumgenerictypesO)==TRUE)

by-nuimt otal-out puts= (Dictionary *)( Entity *
(*by..num-generics)

[the-comiponieint,-ui..genieric..typeso];

if(by-num-totaloutputs-
4isl ndex (th e com ponent -total ou tputso) ==TRUE)

bv-jnzmiitota)-inpuits=(Dictionary *)(Entity *
(* by jiiim-total-outputs)

[tlhe.coinpionet-tot alout puts~I;

if( hy-numntotal-Inpu Is-
isl ndex(I lie com ponent -totaliiputs( ) )==T{U E)

leaf-dict ionary= (Diet ionary *)(Entity *
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(by .num-.total-inputs)

[tlhe-component-~total-inputso];

//have to leaf diclionary

leaf-dictionary-Renove(thie-component-componenLnameo);
1eaf-dictionary-.put~bjecto);
if(1eaf-dictionary-,CardiinalityO==O)

by-num-total-inputs-
Rem-ove(the..component-total-inputsO);

by-num-total-inputs---putObjecto;
1eaf-dictionary-delete~bject(TRUE);

if(by-ilum-totaLiinputs-Gardinalityo==O)

I
by..num-totaloutputs-

Rernove( thleconmponenit--.totaL-outputsQ);
by-nuiutotal-outputs-putObjecto;
I)y-iiun-total-ifputs-4deleteObject(TRUE);

if( bynum-totaLoutputs,Cardinalityo==O)

by-nunt-generics-
Rernove( tbecornponent~4num-generic..typeso);

by-num-generics-putObjecto;
by..nim-total-outputs-delete~bject(TRU E);

if( by-ninigeiierics-.*ardinality( ==O)

by-niunioperators-*
Remove(the-cornponent-nunt-adt-operators),;

by-num-operators-putObjecto;
by,-iuinmgenerics-deleteObjecto;

if( by-nuin-operators-+Cardinalityo==O)

by-num-adts-
Rezniove( tie-coniponent-num-adtso);-

by-iium-adts-~putObjecto;
by.nuimoperators-.deleteObjecto;
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SB-COAMPONENTJICTIONAR)Y *SB&ADT.COMIPONENTJAIBRARY: :query(
SBADTGOM PONENT

*query-component)

Dictionary *by-jiuiiadts;
Dictionary *by nnoperators;
Dictionary *by-nulntotal-inputs:
Dictionary *byiiuni-generics:
Dictionary *by-nu-total-output s;
Dictionary *Ieaf-dictionary;

SB..COM PON ENT -.DICTION ARY *query -result=iiew SB _COM1PON ENT _DICTIONARYO;

in order for a match library must hare at least as many adi's as

//being requested

by-liuzmiadts=niiaiiibr)jary( ;

Dictionarylterat or niext-by -iiiiadt (by-iiurnadt~s,
FALSE,
quiery .xomipoienit-nunadtso);

wliile(niext-1w -iiiinait,. mioreData()

by..nunuioperators=( Dictioniary *)(CEntity * )nextby..nurn.adt(;

// components must ha?'c at least as many operators as the query

Dictionarvi terator next -by -iu n opera tors(by-nunt-operators,
FALSE,
query -corponent-nun-ad Loperatorso);

wliile( nex t -by-i iu n-op era tors.nioreDa ta())

by...num)genierics=( Dictioniary *)(Ent ity *
next -by jium -opera torso:)
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Dictioia rylterator nie.xt-by-nunigenerics(by-num-generics,
FALSE,
query..component-.num-unrecognized typeso);

while( next-by-nuniigenerics. noreDatao)

by-jium.Atotal-ou tputs=( Dictioniary *)( Entity *
nlext -by -nunL-genericso;

Dictionarylterator njextbyv-iumiitotaL-outputs(by-num-totaL-outputs,
FALSE,
query -component-4otal-outputsO);

wlhile( iiext-..b.iumJ-otalout puits.nioreDataQ)

by-jiumii-otal-inputs=( Dictioniary *)( Entity *
niext-.b..Nlum..ttotaloutpits();

Dict ionarylterator niext .by- nuimitotal-inputs(by..num-totaLinputs,
FALSE,
query-cornponent-total-inputso);

while( next .by-nuinutotal-iputs.moreDatao)

Ieaf-dictionary= (Dictionary *)(Entity *
nlext .byjiliniitotal-iiputso;

Dictionarylt erator niext-cornponent(IeaLdictionary);

wliile( next-comiponieit .nioreDataQ)

SBADTCOMPONENT *thie-cornponent=
(SB.A DT-COMIPONENT *)(Entity *)next -componento;

if( query\I-onmponent -filter(the-component)==TRU E)

query..resut-add (the-component);

131



void SB-ADT-COMPON ENT JL1BR ARY:A:ist(ofstream& outstream)

adt-.cornponienit.dict ioniary( )rinit~i(outstreami-);
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# include" sball. hxx"'

# include "sbextern. h"

SBADT-OPERATOR: :SB-ADT.OPERATOR(APL *theAPL):
SB..OPERATOR(theAPL)

SB-ADT..OPERATOR: :SB&ADT-OPERATOR(char *id):
SB-.OPERATOR(id)

void SB-ADT-OPERATOR: :Dest roy( Booleaii ab~orted)

SB -OPERATOR:: Dest rov( aborted);

void SB-ADL-OPERATOR: :deleteObject(Booleaii deallocate)

SB..OPERATOR::deleteObject(deallocate);

void SB-ADT..OPERATOR::putObject(Booleaii deallocate)

I
SB-OPERATOR::put Object (deallocate);

Type *SBADT-OPERATOR: get DirectTvpe()

returnx SBADL-OPERATOR-OType;

Booleani SB-ADT-JPERATOR::process-txple-info( SB.ADL-COMPONENT *adt)

//process types by checking local generic tlzcn adt.adt usage then
//adt.generic usage before mnaking it unrecognized. This will update
/the adi usage dictionaries as well

/fupdate all usage diction aryies for inputs and outputs

//first go through all of I& inpists
Dictionarylterator iiext-input,=iiiput-attributes( -iditerator();
wbile(next -input .roreDatao)

SBJD-DECL *this-decl=(SBAD.DECL *)( Entity *)next-inputo;
SB-TYPE-NANIE *thiis-jype-inaine=tbis-decl-ype-siameo;

/1first 9( if this~ uiddl typr is a g nmrl
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if(gener ic -usage() )-updat e( t~his-type iiame)==FALSE)

//was not a generic type check the ADT generic list

if( adt -generic-usage( -update(tisAype.name)==FALSE)

//was not an adl generic so check the adt list
if( ad t-a dtusage( )- up date(thisatypname)== FALSE)

//was not an adt adt so put it in its local list

1/based on whether or not it is recognized
if( this-type.name-recognized( ==FALSE)

//was unrecognized so try to update
/the unrecognized list or add it to
/the list

if( unriecognized-type-usage( -
update( tliis-type-iaime)==FALSE)

/1not yet in list so add it
u nriecogn ized Aype usage( )-

add-type( this-type-liame-.ido,
this-type..name);

// ow update it for being used once
unrecognized iype-usageo-

update( thisatype-narne);

else

1/this type name is recognized so update
//or add it

if( recogn ized _type usage( -

up~date(tlhisAype-iiarne)==FALSE)

//not yet in list so add it
recogn ized -type usage( -

add-type(thistype-narne-ido,
this-type-.narne);

/1now update it for being used once
recogn ized type -usage( )-

update(thisdype.name);

Dictionary Iterat or iiext -out put =out put -at trihutes( -id .iteratoro;
wlIle(next -olt put imoefat a()
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SBJD.DECL *this.AecI=(SBJDDECL *)( Entity *)next -outputo;
SB-TYPE-NAME *this..iype..naine=thisdecl-~type..nameo;

// first see if this id..decl type is a generic
iftgenic-usage( -update( this-type -name)==FALSE)

//was not a generic type check the ADT generic list

if(adt -generic-usage( )-update(thiis~type-name)==FALSE)

/1was not anl adt generic so check the adt list
if(adt-adt-usage( -update(this~type-.name)==FALSE)

//was not all adi adt
so pill it ill its local list

//based onl whether or not it is recognized
if(t Iiis-ty pe-ii ne-recognized( =)=FALSE)

//was unrecognized so try to update
/the unrecognized list or add it to
/the list

if(unrecognizeddype-usage( -
update( thisiype-namie)==FALSE)

//not yet in list so add ii
un recognized-type -usage( )-

add -yp e(thistype -narne-id,
thisAype-name);

//now update it for being used once
u nrecogn ized -type-usage() )-

update(this..type-name);

//nouw update the adf list as well

if( adt -umrecogn ized-type-usage( )-

upd ate( tlis type-name)==FALSE)

/not yet inl list so add it A
adt - un recognized ype usageo -*

add-tYpe( this-type-name-ido,
this-type.name);

//now, update it for being used once
ad t.-unrecognized Aype usage -

update(this-type-iane);
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else

t is type name is recognized so update
//or add it

if(recogn ized ty p e usage( )-
update( this -type-n arne) ==FALSE)

IInot yet in list so add it
recognized Aype usage( )-~

adcL-type(thisiype..nane-ido,

* tliisiype-name);
//now update for being used onece

recognized Aype usage( ),
update( this~type..narne);

//now update the adt usage list
if( ait -recognized-tvpe-usage( )

upda te(t h istypename)==FALSE)

//not yet in list so add it
ad t -recogni zed Jype -usage( )-

add type(t thisAype-name-id,
this-type-iiame);

//now update for being used onece
adIt - recogn ized -type -usageo -

iapdate( tlis-type-mame);

returni TRUE:
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*include "sball hxx"

# include "sbextern.h"

SB-AD'i-OPERA'ORJ)ICTION ARY::SB-ADT-OPERATOR-DICTIONARY(APL *theAPL):
Dictionary(theAPL)

SBADT-OPERATOR-DICTIONARY ::SB-ADT.OPERATOR-DIGTIONARYo: Dictionary
(OC-integer, // kcy

SB-ADT-OPERATOR-OType,
TRUE,
TRUE)

void SB-ADL-OPER1ATOR-D1C'TIONA RY ::Destroy(Boolean aborted)

Dictionaryl terator iiex .-opera tor( this);
while(next -operator. noreDat a())

I
((SBAE-f OPERATOR *)( Entity *) next -operatoro) -Destroy (aborted);

Diction ary:: Destroy (aborted):

void SB3ADT-OPERATOR-DICTIONARY ::delet~eObject (Boolean deallocate)

Dictionarylterator next -opera tor( this);
while(next opera tor.noreDa ta())

((SB-ADT-OPERATOR *)(Entity * )next .operatoro)-deleteObject(FALSE);

Dictionary:: deleteObject (deal locate);

void SB-A DTOPERATOR -DICTION A RY::put Object (Boolean deallocate)

Dictionarylterator nex t-opera tor( this);
while( next -operator nimoreDa I ao)

((SB-ADT-OPERATOR * )( Entity *)niext-operatoro)-putObject(deallocate);
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Dictionary::put Object (deallocate);

Type *SB-ADT-OPERATOR-ICTIONAR': :getDirectType()

I
return SB-A DTOP E RATOR -DICTION A RY.OType;

void SB-ADT-OPERATOR-DICTIONAR": :add(SB-ADT-OPERATOR *op)

Iinsert (op- niini-ipt( ).op):

void SB-A D-O PER ATORDI CTIONA RY::apleid(SBADTOPERATOR-DICTIONA{Y
*n1ew-dict)

//get an iterator for the dictionary theni isert each operator into
/the dictionary. Finally dkte the input dictionary

Dictionarylterator iiext .operator=inew-dict-it-eratoro;
wbille(next opera tor. moreD ata())

SB-ADT-OPERATOR *thie-operator=
(SB-ADT.OPERATOR *)j( Entity * )next -operatoro;

tliis-add( t lie-operator):

next-operator. Reset)
// destroy the dichtiary necrdict but not its members
new -dict -Dict ioiiary:: Dest roy(FALSE);

void SB-ADT-OPERATOR-DJICTlONA RY: :ru-iit~i(oc~streami&- outstreani)

Dictionary Iterat or next operat or=iteratoro:

while(next operator.nioreDat ao)

((SB-ADT-OPERATOR *)(Entity *) next -.opera toro) -.pri ntOn (outstream);

int SRA DL-OPER ATO RJJCTION*ARY:: num()

return (in. )Cairdinality( ): // cast to nit (in need for long)



int S B-A DTOP ERATO R DICTIO NARY:: total-inputs()

int tota!=O;

Dictionary]lterator iiex t-.operator=iteratoro;

while(next-operator.m-oreDatao)

total=total +
((SBADT-OPERATOR * )( Entity * )next -operatoro) -num inputso;

return total;

jut SB ADT-OPER ATOR -DICTION ARY:: tot aloutputs(

int total=O;

Dictionary Iterator iiext-operator=iteratoro:

while(next -operator. moreData())

total=total +
((SB .OPERATOR * )(Entity *) next operatoro)- num-outputso;

return total:

Dictioiiarylterator SB-ADT-OPERATOR-DICTONA RY: :iterator()

return Dictioniarylterator((Dictioniary *)this);
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# include " sball. hxx"

# include "sbextern.h"

SB.GOMIPONENT::SBC.i7OMPONENT(APL *trheAPL) :Object(theAPL)

SB-COMPONENT::SB&COMPONENT(cliar *id) : Object()

the-component-i arne=new cliar[strleii(id )-I- 1
strcpy (the -coin ponent -narne,id);

SBKEYWORD-DICTION ARY * new -key word -dictionary =new
SBJ{EYWORDDACTIONARYO);

tle..key%%wor-d-dict iotiir-=iie%%-'j-evavoi-d .dictioniarv,-finidTRefo;

SB.TEX'L.OBJ ECT *niew -psd -ext =new SB _TEXT _OBJ ECTO;
tlie-psdi-text =iiew _psdl -text -fiindTRef()

SBJTEXTOBJ ECT *iiew Jinp)spec .ext =uew SB -TEXT _OBJECTO;
t hie-irnpspec -text =new -irp-spec -text-findTRef0;

SBTEXT..OBJ ECT *new -imp-body -text =new SB -TEXT OBJ ECTO;
thle..imp..b-ody.-ext =iieCWjiii -I)ody-text -finidTRefoj;

SBTEXTOBJ ECT *niew-infoirnialdescript ioml=new SBTEXT_OBJ ECTO;
t le i nfornia Ldesc ri pt ion = new i i iform al-desc ription -fi ndTRefQ;

SBTEXTOBJ ECT *new-forinial-descriptioii=iiew SB -TEXT OBJ ECTO;
thielorinal-descrit ion =niew-oriial-descript ion-finidTRefo;

SBTEXTOBJ ECT * new ijior iiformial-descript ioni=new SBTEXTOBJ ECT0:
tieiioriii-foriiial-descript ion =njeu ... oriiformiaLdescription -finidTRefo;

SBJ-YPE-USAG EDICTION ARY *new -ecogiiized -type -Usage=
new SBLTYPEYSAGEICTIONARY():

the-recogn ized-i i pe .aisage=niew -recognized -type -usage-findTRefo,

SBTYPEU SAG, E-DICTIONA RY *new unrecognized -type -usage=
new SBTYPE JSAGE -DICTION ARY() ,

the-unrecognized _tN.pe -uisage= iew -iunrecogi zed -type -usage-findTftefo;

SB-TYPE ITSAG E-DICTIONAR)Y * new generi c -usage= new
SB..TYPE-t SAGE A)IC'TIONA RY'()



void SBJ2ON1 PON ENT; Pest roy( Boolean aborted)

psdL text( )-Destroy (aborted);
imp-spec-text ()-Destroy (aborted);
imp-body-text(- )Destroy (aborted);
infornal-descri ption () )-Destroy (aborted);
formaLdescri ption() )-Destroy (aborted);
norm-form aldesc ription () )-Destroy (aborted);
recognized .Lype -usage( )-Destroy (aborted);
unrecognized A.ype...usage( )- Destroy (aborted);
keyword-dictioniary( -Destro(abort.ed);
generic -usage( )-Destroy (aborted);

delete the-coin ponleit(-IaI lie:
delete theieyword-dictionary:
delete the-psdi-text;
delete the iip-specext;
delete the-inip-body-text;
delete the -infor ma 1descri ption:
delete the..forial-descriptioii;
delete the.jnorn-oriniaLdescriptioin;
delete tbe-recogiized..-type -sage:
delete the-unirecogn ized -type _usage;
delete the -eneric -usage;

Object:: Dest roy( aborted);

void SBCONI PON ENT;:deleteObject(Boolean deallocate)

psdl-text( -delet eOb~ject (FALSE);
imp-spec-text( -deleteObject (FALSE);
inip-body-text( -deleteObject (FALSE);
inforial-descript ion( -dlelcteObject (FALSE);
formal-description()-deleteObject( FALSE);
noriri-forrnaLdescription( )-deleteObject (FALSE);
recognized -type-usage() )-delet eObject( FALSE);
unrecognized -type-usage( -deleteObject( FALSE);
keyword-dictioniar,( )-delete~bject (FALSE);
generic -usage( -delet eObjec t (FALSE);
Object; ;deleteOb~ject (deallocate);

void SB-CONIPONENT::putOhject(Booleaii deallocate)

psdi-text( )-pti Object (deallocate);
imp-spec-text ( )-pu t Object ( deal locate);
inp-hody-text ( )-put Object (deallocate);
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inforial-description ()-put Object(deallocat e);
forrnal-descri ption() )-put bjec t(deal locate);
normniormal-desc ri ption (-put Obj ect(deallocate);
recognized Aiype -usage( )-pu tObject (deallocate);
unrecognized -type -usage( )-putObject (deallocate);
keyword-dictionary () )-putObject(deallocat~e):
generic -usage( -pu t, bject(dea locate);
Object:: putObjec t.(deallocat e):

SBK EYWO RD -DICTION ARY *SBGOA PONENT::keyword dictionary()

return ((SBJ-EYWORD-DICTIONARY * )(thiekeyworddictionary-Binidinigo));

1;

SILTEXTOBJECT *SBCOMPONENT::pscltext()
I

returi( (SB-TEXT-OI3JECT *) (t ie-psdi text -Bindingo));

SBJTEXTDBJECT *SB&COMlPON ENT::ip-specAext()
f

return( (SB-TEXT-OBJECT *) )(the -i i p-spectext.-Bi ndingo));

SB-TEXT-U3JECT *SBCOM PON ENT::imp-body-text()

I
returi( (SB-TEXT-OBJECT *) )(t ti e i np-body..xext- Bindingo));

SBETEXTOBJ.ECT *SB.COM PON ENT::informal-description()

I
retur( (SBTEXTOBJECT * )( t he-informal-description -Binding( )));

SB.TEXT_0BJ ECT * SB _O NMI ON ENT;:ormal description()

retun( (SBfT EXT-O3. ECT * )(t iei'ormial-description-Bindiingo));

SB..TEXT-JBJE ET *SB&CONI PON ENT::iioriiormiaLdescriptionl()

returii( (SB-TEXT-O3J ECT *) )(t lie iiornv.-form aldescription -
Binding ) ) )

SBTYPEYSAGLJh 'TIONAI3)'* S13-OM PON ENT::recognized _type usage()

rettrn (SILTY'PEY(SAkCLA)[IION'A RY*)



the..recognized Aype usage-Bindingo:

SBTYPEUSAGEDCTIONARY* SB..COMIPON ENT: :unrecognized .. ype aisage()

return (SB..TYPE-USAG EL-ICTIONARY*)
the -unrecognized _type -usage- Bindingo;

SBJTYPEUSAG E -DICTION ARY* S B COMIPON ENT::generic -usage()
1{

return (SB..T PEUSAG E -DICTION ARY* )the-generic -usage-*+Bindingo;

Boolean SB.CONMPON ENT::add -kevword(cliar *keyword)

I
return keywordIdictioniar-( )-ald( keywvord);

int SB.COM PON ENT:: nurLu n recognized -types()
I

return iuit( unrecogniized-t.y-pe-isage( -iiuim();

int SB COMPON ENT::total types()

return num-unrecognized-types( )+
recognized -type ..nsage( - numn~

void SB-COM PON ENT:: insert generics( SB -TYPE -USAGE -DICTIONARY *new-generic-usage)

if( new-generic-usageO NULL)

SB_&OMNPON ENT: :generic _usage( )-append(new -.generic -usage);

1;a S-OIPNE Txmpnn .ae
II

return the-corponent-name:

void SB-COM rN PEN I::ad exi (ifstireaii& psdl, ifst ream&: spec, ifstrearn&' body)

psdltext( -append( psdi):



iinp..spec..tex t ()append (Spec);
imp-.body-text( -append(body);
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# include " sball. hxx"
S include" "bextern. h"

SB..COMPONENTJDICTIONARY::SB _CCOM1PON ENT -DICTIONARY(APL *theAPL):
Dictionary (theA PL)

SB.-COMPONENT -.DCTIONA RY: :SIL-COM PON ENT -DICTION ARY(): Dictionary
(OC-string, // KEY

SBCOMPONENTOType,
TRUE,
FALSE)

Type *SBCOMN PON ENT -DICTION ARY: :get DirectType()

I
returun SBSCOM PON ENTL-ICTIONARY _OType;

void SBX'O1N PON ENT -DICTION ARY: :Dest roy( Boolean aborted)

//first destroy all of thie nrffcres in 1/ic dictionary

Dictionarylterator next..coniponent(thiis);

while(niext-comiponient.nioreDatao')

((SB-COiN PON ENT * )( Entity * )next .xompiloient( ))-Destroy(aborted);

Dictioiiarv-::Destrov(alhortedl):

void SBCONM PONE ENT-DICTION A RY: :delet e~bject( Boolean dleallocate)

//first delete all of thei-cfrcfcrecs in 1the dictinary

Dictionarylterator next-Lomponent (thiis):

while(niex-comiponienit-inoreDatao)

((SBX'OMPONENT *)( Entity *)niext-comipoienito)-deleteObject(FALSE);

Diction ary: (lelet eObject (deal locate):
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void SB-CONMPON ENT-ICTION ARY: :putObject(Boolean deallocate)

//first put all of the references ?n the dictionary

Dictionary Iterat or next-cornponent(tllis);

while(niext-coniponeiit .moreDatao)

* ((SB..COMPON ENT * )( Entity *)next componento) -putObject(deallocate);

Dictionary:: put Object (deal loc at.e);

Boolean SB-COAMPONE EN TDICTION A R)::add(SB&COMPONENT *new-component)

Boolean return-flag:

if( Dictioniary.::islnidex( new-coimponient-coiponientnane( ))==:FALSE)

/1keyword is not yet in thu dictionary so insert it

Dictioniary: :Inisert(inew-coimplonent -coimponent-name( ),new-corponient),
return-ilag=TRUE:

else

{
ret urn -fag= FALSE;

retimi ret urn-fiag:

SB.CONIPONENT *SB -CONI PON ENT -DICTION ARY::query(cliar *narne)

SB.CGMIPONENT *return-coniponent =NULL:

if( Dictionaryl:: isliidex(iine)= =TRUE)

ret urn.-comnponient =(SB -OMIIPON ENT * )(Entity*)(*this)[name];

return return-lcomponent:

void SB-CONI PON ENT -DICTION A RY: :printOn(ofs1 reamn&- outstrearn)
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Dictionarylterator next -componlent
Dictionarylterator(this);

while(next.compoiieiit. .nioreDat a())

int i;
SB-CQMPONENT *the-cornponent=(SB -COMPONENT *)(Entity *)next -componento;
outstream < thiecoinponienit-conponient-nameO;
for(i=st rleii( tle-compoiieiit-component-iiame( );i < DEFAULT.NAME..SIZE; i++)

outstreani <

outstrearn <
char *iniformaLdesc=(tlhecomiponent-informaLdescriptiono)-texto;
i=O;
while(informaLdesc[i]#N U LL && informaLdescli] '\n')

outstream < inforrnaLdesc[i]:

i;
outstreai < "\n.$:

b;



* include " sball.hx
# include "sbextern.h"

SB EXCEPTION -DICTIONA RY: :S B.EXCEPTION IMCTIONARY(APL *theAPL):
Dictionary (theAP L)

void SB..EXCEPTIO N DICTIONA RY::Destroy( Boolean aborted)

Dictionary Iter ator next-exception (this);
while( next..exception .mioreData()

delete (char *)next-exceptiono:

Dictioniarv::Destroy-(aborted):

void SBEXCE PTION -DICTION A RY: :deleteObject(Boolean deallocate)

Dictionary::deleteObject (deal loca te);

void SBEXCEPTIO N -DICTION A RY: :put Object ( Boolean deallocate)

Dictionary: :put Object (deallocate):

Type *SB-EXC'EPTION JJICTION AlY: :get.DirectType()

return SB-EXCEPTION J)ICTIONARY'OTN~pe;

SB.EXCEPTION _)ICTJONARY::SB_.EXCEPTION -IMCTIONARYO: Dictionary (OC..string,

OC-string,
TRUE,
FALSE)

B~oolean SB-EXCEPTION ..DICTION*AR)Y::add((cliar *exception..id)



Boolean return-Jiag;

if( Dictionary: :isliidex(exceptioii-id )==FALSE)

//exception-id is not yet in the dictionary so insert it

Dictionary: :lnsert(exception-.id,"");

return...fiag=TRU E;

else

return -flag= FALSE;

return return .flag:

Boolean SB..EXCEPTION-.DICTION '\ARY : :append(SB -EXCEPTION -DICTIONARY
*dictionary)

Boolean return-flag=TRUE;

Dictionarylterat or niext.id=dictioniary-iteratoro;

while~ next-id .moreData() U, ret urn-flag==TRUE)

if(add((char *)next-id0)==FALSE)

ret.urii-ilag=FALSE:

dict ionary- Detroy (FALSE):/ delete I/hc object and deallocate

return return-fkg:

void SB EXCEPTION -DICTION A RY:: print On (ofstreani& outstream)

Dictionary It era( or next -except ion=iterator()

while(niext-exceptloii.mioreDatao)

outstream K< (char *)next-exception() < "\n":
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DictionarylItera tor SB-EXCEPTION -.DICTION A RYV::iterator()

IIuse tagiterate since tag is the data

return Dictioniarylterator( tliis,TRUE);



* include" "ball. hxx"

* include "sbextern.h"

SBJD-DECL: :SB-AD.DECL(APL *theAPL) : Object( theAPL)

SBID-DECL:SBAD-DECL(cliar *new-the-Id,
SBLTYPE..NAMIE *iiew~type..name):
Object.()

the-id=ixew char~strlen(new heid )+ 1];
strcpy( the-id ,new .. he-id);

thie-.type-iiainw=iew-..typIe...ae-fiindTRef()

void SB-IDDECL:Destrov( Booleani abortedl)

if(the-id#NULL)

f
delete the-id:

type-inamie( -Destrov(ahorted):

Object:: Dest roy( aborted):

void SBJD-DECL::delete~bect(Booleaii deallocate)

typeniar-ne( -deleteOhject( FALSE):

Ob~ject: :delet eObject (deallocate):

void SBJD-DECL::putObject(Booleaii deallocate)

type-name( -put Ohject(deallocate);

Oh~ject.::pu tObj'ct((lea loca te):
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SB.-TYPE-NAME *SBJID.DECL::type-narne(

return ((SB-TYPE-NAMIE *) (dieiype-iiame- Bindiflgo));

Type *SBJD-DECL::getDirectType()
f

return SBID-DECL-OType:

* void SBID-DECL::pint~n(ofstreanl& outstrearn)

outstream <Z the-id <
type.-name( -priit~ii(otitstreami);

char *SBJD-DECL::id()

return dheJd;
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# include " sball. hxx"

S include "abextern.h"

SBJD..DECLSMICTIONARY::SBAID-DECL-DICTIONARY(APL *theAPL) :Object(theAPL)

S BJDDECL-DICTION A RY::SJ-ID-DECL-DlCTIONA RY0 : Object()

Dictionary *new-dictionary-by-type= new Dictionary(SBTYPE-.NAME..OType,
SBID-DECL-OType,
TRUE,
TRUE);

the-dictionary-by.typ e= new -Aic t ionary -by A.ype- fi ndTRefo;

Dictionary * new-dictionary-by-id= new Dictionary( OG..string,
SBJD-DECL-OType,
TRUE,
FALSE);

the-dictionary-byid=new-dictioiiary..by-id-findTRefo;

List *newid-declaration-list=new List(SBJD-DEGL-OType);

the-id declarat ion -ist =newid dea ra ionIist*fi ndTRef0;

void SBJRDEC LDICTIO N ARY:: Destroy (Boolean aborted)

Littrtrnx i dcli dcIaa o s

while(next-id-decl.moreDatao)

((SBJD..DECL *)(Entity *)iiext-id-decl( ))-Destroy(aborted);

diet ion ary by.type( )-Destroy (aborted):
diet ionary-by-id() )-Destroy (aborted)
id-declaratioii-list( -Destroy( abortedl)

delete the-dictionaryby-ty pe:



delete the..dictionary..by-id;
delete the -id-declaration Jist;

Object:: Destroy( aborted);

void SBID-DECL-DICTIONA RY::delete~bject( Boolean deallocate)

Litteao net{ddc~d-elrto it)
while(nextid-dec.moreDatao)

((SBJD-DECL *)( Entity *)DeXtid-decl( ))-deleteObject(FALSE);

dictionary-by-type( -deleteObject( FALSE);
dictionary-byi d() )-deleteObject (FA LS E);
id-declaration-listo ( eleteOhject( FALSE);

Object:: deleteObject (deallocate);

void SBID-DECL-DICTION AR': :piitObject( Boolean deallocate)

Listlterator next idAecl(id -declaration Jist());
while(next-iddecl.noreDatao)

((SBJD-DECL *)( Entity * )next-id-decl( ))-putObject(deallocate);
1;

dictionary-by-type( )-putObject(deallocate);
dictionary-byAd() )-pu tObj ec t (deallocate);
id-declarationiJist( -pttObject(deallocate);

Object:: putObjec t( deallocate);

I;

return SBAD.DECLDICTIONARYflType;

Dictionary *SBJ IDECL -DICTION ARYA:iction ary-by-yp,2()

f
return (Dictionary *)( t ledictionarybytype- Binding());

1;

Dictionary *SB JD DECL.-DICTION ARY::dict ionary-by1d()
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return (Dictionary * )(the-dictionarybyid- Bindingo);

List *SBJD..DECL-DICTION ARY: :id-declaratioiilsto

return (List *)( the-id-declarat ion-list-Binding():

Boolean SBJD-DECL-DICTIONARY::add-decl(SBJD-DECL *decl)

B~oolean return-fiag;

if(dictionary-byld( -islndex(decl-id( )== FALSE)

/ID NOT YET USED

dictionaryiby -ype( -nsert (dect- -type -i ane( ,decl);

dictioniary-by-id( -nsert (deci-id( ,decl);

id-declaratioiilist( -Insert(decl);

return -ilag=TRU E;

else

i d already in use so cani not insert
return -lag= FALSE;

return return-flag;

void SBAID-DECL-DICTIONARY::remiove-decl(SI3AD-DEGL *decl)

dictionary-by ty pe( - Remove( de - ty pe-name( ) deci);

dictionary-bv i()-Remiove(dIecl-id( ,decl):

id-declarat ion-list ( - Remove( id-deciaration-list( - lndex(decl));
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Boolean SBJD..DECL..DICTIONARY::add-decl(char *id,SB-TYPE-NAME *typ-nare)

Boolean return-flag;,

* if(dictionary-by-id( -isndex( id )==FA LSE)

IID NOT YET USED

Icreate niew qB-ID-DECL
SBAD-DECL *declznew SBAD-DECL(id,type-name);

dictioinarvyIy-vpe( -Insert(tvpeiiamie,dIecl);

dictioinary-byid( -nsert (id deci);

id-declaratioiist( )-Insert(deci);

return Jflag=TR[U E:

else

//id already inl use so cai) niot isert
return -fag= FALSE;

return return-flag;

Boolean SBJD-ECLDCTIONARY::append(SBADDECL.DICTIONARY *dictionary)

Boolean return -lag=TRU E;

ListIterator niextjid=dictioinary-ordleriteratoro;

while(iiext-id.niorelata() kk, retiirn-flag==TRUE)

SBJDJJECL *this-decbI(SB1DJDE(CL *)( Entity *)nextid0;
return -lag= add -ecl ( this-deci )
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/* nert-id. Reseto;
while(next-id. moreDalaQ)

I
SBJIDJJECL *this~decl=(SBJlDJJECL *)(Enity *)next-ido;
dictionary-> rem otle-.decl(th is-decl);

dictionary-> Destroy(FA LSE),.*/

return return-flag;

void SBJ iDDEC LD ICT IONA RY:: print~n(ofstream& outstrearn)

Listlterator next-decl=order-it erat~oro;
if(next -el. more Datao)

((SBJD-DECL *)( Entity *) iiext-decl( ))-print~n(outstream);

while(next-dechnoreDatao)

outstream < "~,\:
((SBJD.DECL *)(Entity *) iiext-decl( ))-pririt~n(outstream);

int SBAD.DECL-DICTIONARY: :nurn(

return (nt )( dictioniary-by-type( -Cardiniality());

Dictionarylterator SBJ D-.DEC L -DICTIONARY:: id-iterator()
f

return Dictionarylterator( dictionaryby-id( ):

Dictionarylterator SBJD-DECLJMICTIONA RY: :type-iteratoro

return Dictioniarylterator(dictioniaryiby-ype(*));

Listiterator SB ID -DEC LDicTlO N A RY: :order iterator()

return ListlIterator(i d -dec la ratiloni-ist());

SBADDECL *SBJD.DECL-DICTIONARY;:quiery-id(chiar *query-name)



SBAD..DECL *return..-vaue=NULL;
if(dictionary-by-id( -islridex( query-iiaine))

return -value=(SB JD -D ECL *)(Entity *)dictionary-by-ido-
getE ntityE lenient (query-n a me);

return return-value;
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* include" sball. hxx"
* include "sbextern.h"

SB-KEYWORD-.DICTIONARY::SB-KEYWORD-DICTIONARY(APL *theAPL):

Dictionary (theA PL)

SB-.KEYWVORD-D1CTIONAR': :SB-KEYWORD-DICTIONARYGV Dictionary (OC-string, /
KEY

OC..string,
TRUE,
FALSE)

Type *S BKEYWO RD-DICTION A RY:: get Direc tType()

I
return S BKEYWORD -DICTION ARY-OType;

void SBJ(EYNVORD-.DICT1O NARY::Dest roy( Boolean aborted)

I
Dictionary:: Destroy(aborted):

void SB-EYWORDDCTONARY:deleteObject(Booleal deallocate)

Dictionary:: deleteO bject(deal locate);

void S BK EYVO RD-DICTIO N ARY:: putO bject (Boolean deallocate)

Dictionary:: putObject( deallocate);
1;

Boolean SBJ(EYXVORD-DICTIONARY: :add(char *keyword)

Boolean return-flag;

if( Dictionary: :islnidex( keyword )== FALSE)

IIkeyword is not yet in the dictionary so insert it

Dictioiiary:: lnsert( key word." ';

return Jflag=TRU E.

else

return -flag= FA LS E:
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return return-flag;

void SB-KEYVO RDJJICTIONAR': :prinit~i(ofstream& outstream)

Dictionarylterator nex-keyword=iteratorO;

while( next-keywvord.i moreDatao)

oiitstrearn < (chiar *)nex-keyworcl() K< "\n";

Dictionarylterator SB-K EYWO RD-DIGTIONA RY: :iterator()

//use tagte rate since tag is the data

return Dictionarylterator( this.TRU E);
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#include "aball~hx
*include "sbextern~h

SBJ{EYWORD-LIBRARY::SB-KEYWORD-IBRARY(APL *theAPL) :Dictionary(theAPL)

SBJ(EYWORD-IBRARY::SB-KEYWORD-LABRARYo:
Dictionary(0C-stritg,SB-CONMPON ENT.DICTIONARY..OType,TRUE, FALSE)

void SB..KEYWORD-LJBRA RY: :query( ifstrearn& instream, ofstream& outstream)

char the-eyword[256];

Dictionary *the-result=new

Dictionary (OCL-st ring,OC-in teger, FA LS E,FALSE);

while(! instreani.eAfO)

instream > the-keyword;
instrearn > ws; // get the new-dine character or eof
if(this-islidex( the-keyword)==TRU E)

SB-COM PON ENT.-DICTIONARY *thiecomponent-dictionary=
(SB COMPONENT -DICTION ARY *)

this-get Entity Elernent( thekeyword);
Dictionarylterator next comnponent=

Dictionarylterator(thie-component-dictionary);
1/update the result dictionary

while(next-component.moreDatao)

SIB COMPONENT *thecomponent=(SB COMPO'NENT *
(Entity *)next -omponento;

char *the-component-nanie;
the-cornpoiient-name=the-comiponieit-component-nameo;

islndex(the-cornponent-iiaine)==TRUE)

jut new-jumiber= int(
t he-resu It -getIn tegerElement (thecomponent n arne) )-

t le -esut - Re move(t he -com ponent name);
theresult-

lusert(t tie -component -nanie,iiew-lumber);

else
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the-result-Inisert( the -component -.name,- 1);

/1create new dictionary ordered by number of times found
Dictionary *final-result=new

Dictionary(OC-integer,OC-strinig,TRUE,TRUE);

Diet ionary Iterator niext -result= Dictionarylterator( the result);
Dictionarylterator next result tag= Dictionarylterator(the-result,TRU E);
while( next-resultrnoreDatao)

char *comnponent= (chiar *)next-result-tago;
int times~used=iut(next.result0);
final-result-Inisert( tiimes-used ,cornponent);

Dictionaryfterator nex t Ji nal resu It= Di ct ion arylterator~inal-resul t);
while(next jlinal-result. more Dataff

char* comnponent -namne=(char * )next-final-resulto;
SB-COM PONENT * the-com ponent=S B _MIAIN _L IBRA RY-query (component name);
// SBAAIN..LIBRARY IS GLOBAL
int i;

ou tstream < tlhe-.conpoent-.componeit-ameo;
for( i=strleui( the-cornpoineit-componientliame( );i < DEFAULT-NAME-SIZE; i++f)

outstrearn <

outstrearn <

char *i nforrnaLdesc=(t lie-component- informnal-description) )-text();

while( inforial-desc(i]#N ULL &&- inforrnaLdesc[iI '\n')

outstream < inforrnal-desci;

i;
outstreamn < "\n'-;

the -resut - Destroyo;
final-resut- Destroyo,

Boolean SB KEYWORD -LIBRARY: add-component(SB-COM PON ENT *new-component)

SB..KEYWORD.DICTIONA RY* keyword Jist =new-component-keyword dictionaryo;
Dictionarylterator next -keyword =keyword J ist -iteratorj};
whilet next keyword. moreDa ta())

char *tle~kevword =( char * )next -.key word()
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ifj this-isndex( Lhe.key word) ==TRU E)

I

SB..COMPONENTDICTIONARY
*the..dictionary=(SB _COMPON ENT-ICTIONA RY *

this-getEntityElement(thkeyword);
the -ictionary -add (newcomponent);
the dict ionary -Dict lonary:: :putObjecto;

else

t iks is a new keyword so make a new sb-component-dict
//and add it to the key-word library

SB.CO MPONENT.-DICTIONARY* new-.dictionary=new
SB..COMPONENT .DICTIONARYO;

new-diction ary -add (new-component);
new -diction ary- Diction ary:: putObj ect;
this-I nsert ( theJkey word,n ew..d ic t ion ary);

return TRUE;

void SBJKEYWO RD-LI BRARY:: delete-comnponent (SB..COM PON ENT *the-component)

SBJ-KEYWORD-DICTION ARY* keyword Jist=thecomponent-keyword-dictionaryo;
Dictionarylterator next keyword= keyword Jist-iteratorO;
while(next keyword. moreDatao)

char * the-.keyword =( char * )next key word();
if( this- isl ndex(t he-keyword )= =T RU E)

I

SBCOMPONENTDICTIONARY
*the-dictionary=(S B -COM PON ENT -.DICTIONARY *

this-getEntityElement(the.keyword);
the -diction ary- Remove( the-com ponerit-component-nameo);
the-dictionary-putObject();
if(the-dictioriary-Cardinality( ==O)

this- Remove(the.keyword);
the d ictionary-deleteObject(T RU E);

void SB..KEYWVORD-LIBRARY ::Destro ( Booleaii aborted)
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Dictionarylterator next component dictionary=i teratorO;
while(next-cornponent-dictioniary.inoreDatao)

((SB-COMPONENL.DICTIONARY *)( Entity *)next -component -dictionary( ))-
Destroy (aborted);

Dictionary:: Destroy(aborted);

void S B-KEYVO RD-LI BRA RY:: delete~bject,( Boolean deallocate)

Dictionarylterator next com ponent-dictionary = iterator 0;
while(next-com ponent-dict ionary. mnore Datao)

((SB&COMPON ENTJDICTIONARY *)( Entity * )next -component dictionary( )-
deleteObject( FALSE);

Dic tionary:: deleteO bjec t(deal locate);

void SB-KEYWORDLI BRA RY: : putObject( Boolean deallocate)

f
Dictionary:: putObject( dealIlocate):

Dictionarylterator SBJ( EYWO RDILIBRA RY: :iterator()

f
return Dictionarylterator(this.TRUE); // return tag iterate

1;

void SB-KEYWORDLI BRA RY:: Ilist(ofstrearn& outstream)

Dictionarylterator next -keyword= iteratoro;
while(next key word.nmore Data())

outstream ~< (char *)next-keyword) ~< "1\n":
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# include "sball. hxx"

# include "aboxtern.h"

SBJAIBRARY::SB-IIBRARY(APL *theAPL): Object(tlieAPL)

SB _LBRARY: :SLI BRA RY(cliar *name, char *table) :Object(name)

SB.COM PON ENT-DICTION ARY *new -coin ponent-dictionary=
new SBWCOMIPONENT-DICTIONARYo;

the..cornponent-dictionary=
new-component dictionary-fiidTRefo;

the -ecognized Aypes= N U L L;

update-recognized-types( table);

SB.OPERATOR..COM PON ENT -LIBRARY *new-operator-componentlibrary=
new SB.OPERATOR..COMPON ENT-LIBRARYO;

the-operator-coi-npoienit~ibrary=
new-operator coni ponent J irary- findT1efo;

SBADT-XCOMPON ENT-IBRARY *new-adt-componentiibrary=new
SBADT COMPON ENT _IBRARY();

thle-.ad t -coinponen ti -ibrary= new-ad tcom ponenU i brary-*fi ndTRef0;

SBJ(EYWORDAAIBRA RY *newlkeywordJibrary=new
SB.J(EYWORDLABRARY0;

the-keywordibrary=new-.keywordJibrary-finidTRefo;

SBJI.ECOGNIZED..TYPES *S B L IBRA RY:: recognized -types()

return (SB-RECOGNIZED-TYPES *)( Entity * )the-recognizedtypes-Bindingo;

void S B-I BRA RN:: update -ecogn ized AVpes(cliar *file)

if(the-ecogiiized-types NULL)

recognized -types( -deleteObjecto(:
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SBRECOG NIZ ED.-TYPES * new.-type natrix=new
SB..REGOGNIZEIX.TYPES( file);

the-recognized types=new .ype iniatrix-findTRefo;

void SBJAIBRARY::Destroy(Boolean aborted)

operator-com ponentibrary() )-Destroy (aborted);
adt-componentJ ibrary() )-.Destroy (aborted);
component-dictionary( -Dest roy(aborted);
recognized.ty peso )-Destroy (aborted);
keywordiib rary( )Destroy (aborted);

delete the-adt-corponentiibrary;
delete the..operator-cor-nponeiit library:,
delete the-component-dictionary';
delete the -kevword library;
delete t lie-ecogllized -types:

O bject:: Dest roy (aborted);

void S B-IB RA R': :deleteObject (Boolean deallocate)

operator-componentiibrary( -deleteObject( FALSE);
adt component i brary() )-deleteObject (FA LS E);
componenitdictioiiary( -deleteObject( FALSE);
recognized -types( -deleteObject( FALSE);
keywordJi b rary( )-deleteObjec t(FA LS E);

Object:: deleteObject(deallocate);

void SB.JABRA RY: :ptObject( Boolean deallocate)

{prtrcnpnn-irroptbetdalct)
operatorconpentiibrary -putObject(deallocate);

component..dictionary( )- Dictionary:: :putObj ec t(deal locate);
recognized ..types( )-pu tO bject(deal locate);

tkeywordJi brary() )- putObj ect (deallocate);

Object:: putO bjec t(deal locate):

Type *SB-LIBRA RY::get Direct Type()

return SB-LIBRARY-OType:.
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SBADT-COM PON ENTJ-LBRARY *SB-LIBRARY::adt-componentilibrary()

return (SB-ADT-COMPONENL-LIBRARY *
(the..adt -cornponentJibrary- Binding());

SB&OPERATOR-COM PON ENT-IBRARY *S BJ-LBRA RY::operator-componentilibrary(

return (SB.OPERATOR.COiNPONENTI-IBRARY *
(the -operator-component Jibrary- Bindingo);

SBJ(EYWORD-.LIBRARY *SB..LIBRARY::keywordiibrary()

I
return (SB-KEYXVORD-LABRA RY *) the-keywordli brary- Bindingo;

Boolean SB.IIBRARY::add(SB-'OM PON ENT *new -component)

Boolean return -lag= FALSE;

//first ensure that this coniponent namne is not already in use

if(comnponen-d ict ionary() )-add (newv-com ponent) ==TRUE)

com ponent d ic tion ary( )- Dict ioaaary::pu tObject();

//name not in use so con tinue processing

//add the component to the keyword libraries

return -iag=TRUE;

keyword ibrary() )-add-cornponent( new-com ponent);
keyword-library( -putObjecto;

if(new-com ponent-get Di rectType( ==S B-A DT-COM PON ENT OType)

return -flag= ad tcom porient Jiibrary()
add((SB ADTICOM PON ENT *)new..component);

else

return -Ilag=operator -cornponent-library( -

add((SBflPERATOR-CONPONENT *)new-component);

return return~flag.



void SB-LIBRARY: :delete-componient(SB-COMI PON ENT *the-component)

keyword-ib rary() )-delete-coniponent(t lie cornp onent);
keywordJibrary( -putObject.o:

if(the-cornpoiieiit -get DirectType( ==S13.ADT-COMIPONENT-QType)

adt..componentJibrary( -
delete-cotiponent((SB -A DT-CONM PON ENT * )the-component);

else

operator -com ponentiibrary( -
delete component( (SB -3PERATO R-OM PON ENT * )the -component);

component-dictioiiary( -Remiove( the-coimponient-componenLnameQ);
component-dictionary( -put.Objecto;
the-conipoiienit-deleteObject,( TRUE);

void SBLI B RA RY::comipoieiit-list (ofst reanik outstream)

adt-conipoiitiibrary( -Jist.(otstream);
operator-cornpouieiit-librarv( )-Iist (outst reami);

SB.CONIPON ENT.-DICTION ARY *SB-LIBRARY::query(SB-COMPONENT
*query -componen t)

SBCONMPON ENT-DICTIONARY *return-dictioriary;

if(query com ponent-get Di rectType( )==S B -A DT-}70M PON ENT OType)

return -dictionary=adt-componentJibrary( -
query( (SB ADT-COMIPONENT * )query -comnponent);

else

return -dictioiiary=operator .comipoienltlibrary( )
query((SBOPERATORCO.NPONENT *)query -component);

return returndictionary:

SBCONPONENT *SB 1.1IBRA RY::quer.( char *component name)
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I
return component-dictionary( )-query (component-name);

void SB-IBRA RY:: keyword-query( ifstreanm& i nstream ,ofst ream& outstream)

keyword-library() )-query (i nst ream,outst reamn);

SBCONIPONENTDICTIONARY *SB-IIBRARY::component-dictionary()

return (SBCON1 PON ENT-DICTIONA RY *)(Entity *
the -component -dictionary -Binding()

void SBIIBRARY::keyword-list (ofstrearn&k outstream)

keyword..Jibrary() )-list (outst ream);

void SB-LIBRA R": :typelist( ofst Iream&, outst ream)

adt-cornponieit-ibrary( -Iist,( oitstreaini);

void SB-LIBRA RY: :operatorilist(ofstream&i outstream)

I
coperator-comiponettibrary( -list(outst reami);

void SB-IIBRARY: :query( SB-COM PONENT *query -component,ofstream& outstream)

SBCOMIPON ENT -DICTIONARY* the-result=query(query -component);
thie.result-print~ii( outstrean.i);
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# include" sball. hxx"

# include "sbextern.h"

SB-OP ERATOR::SB-OP ERATO R(A PL *t.lieAPL) :SB-COMPONENT(theAPL)

SB-OPERATOR::SB-OPERATOR(chiar *id) : SB-&OMPONENT(icl)

SBID-DECL-DICTIONARY *newvinput-attributes=new SBJD.DECLJMICTIONARYo;

SBJD-DECLDfCTIONARN' *11eW-Out pit-attributes~new SI3AD.DECL -D1CTIONARY0:

S B EXCEPTION -DICTIO NA RY * new-except ioisnew S13I-XCEPTION -DICTIONARY

the-input attributes= new -input -.attributes-fitidTRefQ;
tlIe-output-attributes~inew .outpttat tribuites-finldTRef()
thie-exceptionis=niew .xceptioins-finidTRef():

states -fag= FALS E:

I

returni (SBAD-DECL-DICTIONARY *)(thie-inpuitattributes-Binding( )

SBJD-DECL-DICTIONARY *SB-OPERATIOR::outpilt-attributes()

return (SB-ARDECL-DICTIONARY *)(rie-ouiptutattributc-s-Bindingo)-

Boolean SB-OPERAToR::state()

return states-flag:

S13-XCEPTION DICTIONARY *SB-0PL .I OR Itxrc'ptions()

return (S i-L EX( E P LioN- I 1(-710 .' N' (tb x'tin-Bnig



Boolean SB-OPERATOR: :add-inputs(SBJIDJECL.DICTIONARY *Input-dictionary)

Boolean return-flg;

// add new declarations to the declaration list
return -flag= input attributes( )-append(input -dictionary);

return return-flag;

Boolean SBJP E RATOR::add-out pu ts(SBJ D-D ECL -DICTIONARY *output-dictionary)

Boolean return-flag;

return Jflag=output -attributes( -appeiid(output -dlictionary);

return return-flag;

void SB-OPERATOR::set states()

states-flag=TRUE;

Boolean SB..OPERATOR: :add-exceptions( SB -EXCEPTION -DICTIONARY
*exception -dict ionary)

Boolean return-flag;

return Jflag=exceptions( -appenid(exception -dictionary);

return return-hlag,

void SB..OPERATOR:;Destroy( Boolean aborted)

input-attributes( -Destroy(aborted);

output attributes(- )Destroy(aborted);

except ions( )-Destroy (aborted);

delete the-input -at trihutms
dlelete the-out put-at trilbutes:
delete the-except ions:

SB-&OM'lPON EN T:: Dest To).(abort el)



1;

void SBWOPERATOR: :delete~bject( Booleaii deallocate)

{nu-trbts-elt~jc(AS)
output att ribut es )-deleteObject( FALS E);

except ions( )-de leteObjec t (FALS E);

SB-COMPONENT::delete~bject(deallocate);

void SB-OPERATOR: :putObject( Boolean deallocate)

input..attributes( -putObject (deallocate);

output attrib utes( -putObject( deallocate);

exceptions( -putObject(deallocate);
SB..COMI PON ENT: :putObject( deallocate);

void S BOP ERATO R:: pri ttOn (ofstreanik outstream)

outstreamn < "OUTPUTING INTERFACE FOR OPERATOR
outstrearn < tlxis-component-name( < "\n";

outstreamn < "GENERIC ATTRIBUTES\n\n";
S B COM PON ENT::generic usage( )-piitOn(outstream);

outstream < "\nINPUT ATTRIBUTES\n\n';
input-attributes( )-printOn(outstrearn):

outstrearn < "\nOUTPUT ATTRIBUTES~n\n";
output-attributeso-print~n(outstrean);

4 outstream ~< '\nURECOGNIZED TYPES\n\n';
u nrecognized .type usage( )-pri nt On (ou tst ream):

outstreamn < "\nRECOGIIZED TYPES\n\n:;
recognized -type -usage( )-print On( outstreani):

oUtStrream < "\nSTATES\n\n":
if(slates.flag==TRUE)

outstreai < "YES\n":
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else

outstreamn < "NO\n";

outstreamn < "\nEXCEPTIONS\n\n";
exceptionso -print~n(outstream);
outstreamn < "OUTPUTIEG THE PSDL TEXT\n\n";
outstreamn < psdl-texto -text() < "\n";
outstreamn < "OUTPUTING THE INFORMAL DESCRIPTIO\r\n";
outstream < inform aLdescription ()-+ext() < "\n";
outstreamn < OUTPUTING THE FORMAL DESCRIPTION\n\n';
outstreamn < formaLdescription ()-text() < "\n";
outstream < SOUTPUTING THE NORMALIZED FORMAL DESCRIPTION\n\n';
outstream < norm-formaL description() -text() < "\n";
outstream < OUTPUTIIG THE ADA SPEC\n\n";
outstreamn < irmpspectexto-text() < "\n";
outstreamn < "OUTPUTING THE ADA BODY\n\n";
outstreamn < imnp-body-text( -t ext() < "\n";

int SBWOPERATOR::nuim~inputs()

return input-attributes( -ninn);

int SBJJPERATOR::ntirnoutputs()

return output-attributes( -nui-o;

Dictionarylterator SB-OPERATOR::input-iterator()

return irput-attributes( -typeiteratoro;

Dictionarylterator SB-OPERATOR::output-iterator()

return output-attributes( -typeiterator(;

Dictionarylterator SB-OPERATOR::exceptioiret#rator()

return exceptions( -iterator( V
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int S B-0P ERATO R:: num-generic Aypes()

//get at. ite rator for the type-decl list
//and any spec that is not a procedure is a generic type

int countO0;

Dictionary Iterat or next -id=S B -OMNPON ENT: :generic iisage( )-
type-iditeratoro;

while(next-id. more Datao)

SB-TYPE-USAGE *the-usage(SB-TYPE-LUSAGE*)(Entity *)next-ido;
SB.TYPE-N A NIE *the -ypeniare=the-usage-type -nameo;
if(the..type-Jiane-type-code( ==SB -G ENERIC-TYPE)

count=counit++;

return count;
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* include " sball. hxx"

* include "obextern.h"

SB&OPERATOR-.COM PON ENT::SB&OPERATOR-.COM PON ENT(APL *theAPL):
SB..OPERATOR( theAPL)

SB-flPERATOR-CGOMPONENT::SB.OPERATOR-COMPONENT(char *id):
SB-OPERATOR(id)

void S BOPERATOR-COM PON ENT:: :Destroy( Boolean aborted)

S B OP ERATO R: : Destroy (aborted);

void S BOP ERATO R&ONI PONE NT:: delet eO bject( Boolean deallocate)

SB-flP ERATO R:: deleteObj ect(dealIlocate);

void SB-OPERATOR-COM PONE ENT: :putObject( Boolean deallocate)

f
SBJJP ERATO R:: putObject(deallocate);

Type *SB-OPERATOR&COM% PON ENT: :getDirectType()

return SB-OPERATiOR&COMPONENT.OType;

Boolean SB-OPERATORGCOM PONENT ::process -type info()

//update all usage dictionaryies for inputs and outputs

/1first go through all of the inputs
Dictionary Iterator next-input= in put -attributes() )-id jteratoro;
while(next input.mroreDatao)

SBIDJJECL *this..decl=(SBJD.DECL *)(Entity *)next-inputo;
SBTYP EN AM E *thiis-type-iiaime=thiis-decl-type-iarneo;
// first see if this id-decl type is a generic
if(geiieric-usage( -update( this-type-lraane)= =FALSE)

//was not a gene ric type -so put it ait thf usage list
//based on ii-hetlaer or not it i.s ru-oina:cd
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if(this-type-.n ame- recogn ized( )=FA LSE)

//was unrecognized so try to update
/the unrecognized list or add it to
/the list

if( unrecognized-type-usage( --
uipdate(thisstype-iiame)==FALSE)

//not yet in list so add it
unirecognized-type-usage( -

add-type( thisiype..narne-ido,
this..ype..nare);

//now update it for being used once
unrecognized Aype-usage( -

update( this..xype-name);

else

/this type namne is recognized so update
//or add it

if( recog n ized -type -usage( )-
update(thiis-stype-iiarne)==FALSE)

/1not yet in list so add it
recognized ..ype -usage( -

add-type( this-type..name-ido,
thisdypeniame);

//now update it for being used once
recognized .iype -usage( -

update(this-type-nane);

DictionarylIterator next-output=output-attributes( -id-iteratorO;
while(nextoutput.rnoreData ))

SB.JD..DECL *this..decl=(SBJDJJECL *)(Entity *)next outputo;
SB.TYPE.NAMIE *tiis-typeiiane=tliis-decl-type-nameo;

//first see if this id-decl type is a generic
if(generic-usage( -update( tis..ype-iaime)==FA LSE)

//was not a generic type so put it in the usage list
//based on whether or not it is recognized

if( this-type-iiaine-recoguiized( ) =FALSE)

// as unrecognized so try to update
//the unrecognized list or add it to
/the list
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if(unrecognized-type-usage( )-
update(this..ype -name)== FALSE)

//not yet in list so add it
unrecognized Ay pe..tisage( )-

add..type( this-type..name-ido,
this-type-narne);

//now update it for being used once
unrecognized type -usage()-

update( this-type-lianie);

else

/this type name is recognized so update
//or add it

if( recognized-type-tsage( -

update( this-type-narne)== FALSE)

/1not yet in list so add it
recognized Aype usage( -

add-type( this-type-namne-ido,
this-.type-nanme);

/1now update for being used onece
recognized A.ype usage( )-

update( thisitype-iame);

return TRUTE:

Boolean SB.O PERATORCO NI PON ENT::filter(SB -OPERATOR -COM PON ENT *library..unit)

/1apply additional filter operations to the library unit
/to see if the component can be rejected. True means
//that it may still be a match. False indicates no match

return TRUE;

178



# include " sball. hxx"

# include "sbextern.h"

SB.AJPERATOR-COM PON ENT -IBRA RY::SB -OP ERATOR-.COM PONENT-LIBRA RY(APL
*theAPL):
Object(theAPL)

SB..OP ERATOR-CO \1PONE NT -I BRA RY:: BO-0PERATOR-COM PON ENT _IBRARYU:
Object()

SB..COM PON ENT -DICTIONARY * new -operator component-dictionary=
new S13X2ONPONENT-DICTIONARY();

the-operator com ponent dictionary=
new-operator -coni ponent d ic tion ary- fi ndT Refo;

Dictionary *iiew-'state-dictionary=new Dictionary( OC-integer,
OC -iictionary,
TRUE,
FALSE);

the..state-dictionary=iiew -state -ictionary-findTfefo;

Dictionary *new -non-state-dictionary =new Diction ary( OC-integer,

OC-dictionary,
TRUE,
FALSE);

the -non -state iiction ary =new -non -state A ic tion ary -findTRefo;

void SB&OPERATOR_.OM PON ENT -LIBRARY:: Destroy(Boolean aborted)

operator -component dictionary( ) - Destroy (aborted);

//now must aferate through the mlti-attribute query

//dictionary tree

Dictionary *Ieaf-dictionary;
Dictionary *byjrnrnlinputs-dictionary;
Dictionary *b -itununrecogiizeddictionar,.:
Dictionary *byjiin-outputsd(ictioiiary;

by-inin-inputs-dictionarv=state-dictionarv();
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Dictionarylterator next inpu-d ic tionary=
DictionarylIterator(by -numin puts-dictionary);

while(next-inputdictionary.imoreDatao)

by-num-unrecognized-dictionary=
(Dictionary *)( Entity *) nextin put-diction aryo;

Dictionarylterator next .ou tputs-dict( by -nurn -unrecognized -dictionary);

while( next-out puts-dict .iioreDatao)

by-nunu-outputs-dxictioniary=( Dictioniary * )( Entity *
next -out puts-dict();

Dictionarylterator next Jea-d ic t(by -nu m.nu tputs-dictionary);

while(next-leaf-dict. more Datao)

Ieaf-dictionary=( Dictioniary *)( Entity *
next-leaf-dicto:

Dictionarylterator niext-cornponent(Ieaf-dictionary);

while( next -component. roreDatao)

((SBJJPERATOR-COMPONENT *)(Entity *)next componento)-
Destroy (aborted);

leaLd ic tionary -Dest roy (aborted);

by-nuinioutputs-dictioniary-Destroy( aborted);

by-nuinu n recogni zedd ict ion ary- Destroy (aborted);

by-nu m-n p uts-dict ion ary -Destroy( aborted);

by..num-inputs-dictionary=ioti-state-dictionaryo;

next-input dictionary=
Di ct ion arylIterator (by-numi npu tsdictionary)

while( next-inpu tdictionary. more Datao)

by-num-unrecognized-dictionary=
(Dictionary *)( Entity * )next-input-dictionaryo;
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Dictionarylterator next outputs-dict(by num -nrecognized -dictionary);
while(next-outputs-ict.rnoreDatao)

by-inuimoiitputs-dictioniary=( Dictioniary *)( Entity *
next outputs -ic to;

Dictionarylterator nextJeaLd ict (by-nu m-out pu tsdictionary);

wlhile(niextJeaLdict.imoreDatao)

leaLdictionary= (Dictionary *)( Entity *
next Jeaf-dict.()

Dictiotiarylterator next cornpoient(leaf-dictionary);

wliile(inext-conmponieint moreDat~a )

((SB-OPERATOR-IZOMNPON ENT *)(Entity *)next componento)-
Destroy( aborted);

Ieaf-dict ionary- Dest roy( aborted):

by-nuimi-out ptits-dict jonary-Destroy( aborted);

by-nuntiunirecogniized-dictioniary- Destrov(aborted);

by-num-inputs-dictiuniary- Dest roy( aborted);I

delete the-operatorcomnponent dic tionary;
delete the -state -dictionary;
delete the-non -state -dictionary;

void SB&OPERATOR-COMPON ENT -LIBRA RY: :deleteObject( Boolean deallocate)

operator -com ponent diction ary() )-dele teObj ec t(deal locate);

Dictionary *Ieaf-dictionary;
Dictionary * by..num-inputs-dictioiiary;
Dictionary *by-nunitunrecognized-dictioniaryv
Dictionary *by .nurn-ioutputs dictioniary:

by-nurintpts-..ictionary=state-dictioniary();

Dictionarylterator niextinput-dictioniary(bvjIiiinpiiutsdictionary);



while( next -1nput-di ctionary. rnoreDatao)

by-num-unrecognized-dictionary=
(Dictionary * )( Entity *) next-input dictionaryo;

Dictionarylterator next outputs.dict( by .nnL -unrecognized -dictionary);

while(next out puts-d1ct. more Datao)

by-iiunioutputs-dict ionary=( Dictioniary *)( Entity *
next -outputs -dict.o:

Dictionarylterator nextlJeaf-dic t( by -imoutputs-dictionary);

while( next -lea fd ict. more Da t a())

leaf-dict lonary =( Dictionary *)(Entity *
next-leaf-dict 0;

Dictionarylterator iiext-cornponenit( leaf-dictionary);

wluile( next-co inponent. more Dat a())

((SB&OPERATOR.COMNPONENT *)(E~ntity *)next component( ))-
delete~bject( FALSE);

Ieaf-dictionary-deleteObject( FALSE);

by-inuiiioutputsdictionary-delete~bect (FALSE);

bviinu iinrecognized dict ioiiary-delete~bject( FA LSE);

by-ium-lnputs-dictioniary-deleteObject( FALSE);

by-iiumnputsdictioniarynionistate-dictionaryo;

next-input dictionary=
Dictionarylterator( by-nuriniputsdictionary);

while(next-input-dictionary. more Datao)

by-num-unrecognized-dictionary=

(Dictionary * )(Entity * )next-Input-dictionarx'();

Dictionarylterator next -outputsdict( by -nu in -un recognized -dictionary);
while(next-out pts-diWt.imore Data( ))
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by-nuni-outputs.dictionary=( Dictioniary *)( Entity *
next -.outputs -dicto;

Dictionarylterator iiextieaf-dict( by aiuinuoutputs-dictionary);

wliie(tiextleaf-dict.mi-oreDatao)

leaf-dictionary= (Dictionary *)( Entity *
next-leaf-.dicto;

Dictionarylterator next -comnponient( leaf-dictionary);

wliile(inext-corponent .roreDataol)

((SB..OPERATOR&'OMN1PON ENT *)( Entity *)next -componento)-
deleteObject( FALSE);

leaLdictionary-deleteObject( FALSE);

l)y-iiuiiioutpuits-dictioniary-deleteObject( FALSE);

by-jiuim-unirecogniized-dictioniary-deleteObject( FALSE);

by..num-inputs-Aictionary-dIeeteObject( FALSE);

O bject:: deleteObj ec t (deal locate):

void SB-OPERATOR-COMIPON ENT -IBRARY::putObject(Boolean deallocate)

operator-comiponienitdictioniarv( )-putObject( deallocate);

state-d 1ct ionary() )-putObject(deallocate);
non state-di ction ary( )-putObjec t (deallocate);
Object:: putObject( deallocat e):

Type *SB-OPERATOR-fOMIPONENT-IIRRARY::getDirectType()

return SB&OPERATOR-CO [PON ENT -IBRARY -lType;

SBCOM PON ENT -DICTION ABY
*SB-OPERATOR -OMlPON ENT-IBRA RY: :operat or-component-dictionary()
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return (SB-CONMPONENT-DJCTIONARY *)(Entity *
the ir-perator-cornponent-dictionary-Bininitgo;

Dictionary *SB -OPERATORCOM PON ENT-IBRARU-.:state-dictionary()
f

return (Dictionary *)(Entity *) t le.sta te-dict ionary- Bindingo;

Dictionary *SBOPERATORCOMPON ENT -IBRA RY::non.state-Aictionary()
I

return (Dictionary *)(Entity * )the-non -state dictionary-Bindingo;

Boolean SBOP ERATO RLCOM PON ENTL1B RARY::add(SB OPERATOR.COMPON ENT
*new-conlponeiit)

B~oolean returi-flag=TRl9E:
Dictionary *Ieaf-dictionary;
Dictionary *hy-nini-inputs-dictionary;
Dictionary * by-nun-un recognized -dictionary;
Dictionary *by-nunk-ottputs-.dictionary:

operator -xoni ponent diction ary() -add (new-com ponent);

operator -corponent-dictionary( )- Dictionary:: putObject();

/insert into the component dictionary was sitccessful!
1/so insert it into the library

if( new-component -states( = =TRU E)

by-.nin-npuits-dictionarv=state-dict ioniary();

else

by-nuniipliits-dictioinaiy -= oii-state-dict ioiary();
1;

//have correct state dictionary so now find correct

/input dictionary

if(by-num-inputs.dictionary-islnidex(inew-coiuiponent-nurruinputs( )= =TRU E)

bynum-unrecognized-dictioniary=( Dictioniary *
(Entity * )( *by-jium-inpuits-dictionarvI)

[iew-cor-nponient -lu li-it pts( ]:

else

-- --- -



by-num-unrecognized-dictionary=new Dictionary(OC-integer,
OC-dictionary,
TRUE,
FALSE);

by-num-inputsdictionary-Iinsert( new-comiponent-
nu 111i 11puts(),
by -iu mu n recognized -dictionary);

/1have correct by nun inputs dictionary so get the
1/unrecogni.-ed types didt.

//got the unrecognized dictionary
//use nuin generics since for a library unit all unrecognized types

//must be generics

if(by-num-unrecognized-dictioniary-
islndex(new-conipoent-inuni-geiieric-types( ))==TRUE)

by-num-outputs-dictionary=( Dictioniary *)( Entity *
(*by-jiniunrecogniized-dictioniary)

[newv..conpo nent- n unmgeneri cty peso];

else

by-ntin-out puts-dictionary=inew Dictionary(OC -integer,
OC-dictionary,
TRUE,
FALSE);

by-iluniiunrecognized-dictioniary-lilsert( new -component-
num-generic-typeso,
by-ium-outputs-dictionary);

if(by-num-outputs-dictionary-
islndex( new -comiponenit-iiunioutputits() = =TRUE)

Ieaf-dictionary=(Dictioiiary *)(Entity *
(*by-iium-outputs-dictionary)

[new-component-nu-lnoit puts( )];
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else

Ieaf-dictionary=new Dictionary (OC -string,
SB-COMPONENT-OType,
FALSE,
FALSE);

by-nu rn-ou tpu ts-dict ionary -Insert (newcomponent-
nu in outputso ,
leaf-dictionary);

//have to leaf dictionary so now insert the component into it
Ieaf-dictionary -Insert (new -xomponent.-coinponent-name0,

newv-corponeiit);

Ieaf-dictionary-putObjecto;
by-num..inputs-dictionary-puitObjecto;
by-num-unrecogniized-dictioiiary-putObject();
by-num-outputs-dictionary-putObjecto;

return return-.flag;

void SB&OPERATOR.GOMPON ENT -LBRARY::
delete component( SB -0PE RATOR-COM PON ENT *the-component)

Dictionary *leaf-dictionary;
Dictionary *by-nuni-inputs-dictionary;
Dictionary *by-nurn.unrecognized -dictionary;
Dictionary *by-nuni-outputs-dictionary;

operator com ponent-dictionary() )-
Remove( the-component-conponent.iarne();

operator..cornponent-dictionary( -putObject();

if(the-component-states( ==TRtrE)
{

by..numilnputsd(ictionaryt=state-dictioniary();

else

by-iium-inputs-dict ioniarv=niolkstate-dictionary();
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//have correct state dictionary so now find correct
/input dictionary

if(by-num-inputs..dictionary-islndex(thie-com-tponent-nurnJLiiputs())==TRUE)

by-num-unrecognized-dictionary=(Dictionary *
(Entity *)(*bynjum~inputsdictionary)

[thie-component-*nurn-inputs );

//got the unrecognized dictionary
//use num generics since for a library unit all unrecognized types
//must be generics

if(by-nuim-unrecognizeddictionary-
islndex( the-component-numgeieric-typeso)==TRUE)

by-im-outputs-dictioiiary=( Dictionary * )( Entity *
(*bynlunl-urecognized-dictioiiary)

[the -com ponent - nu ni-generic-types)];

if(by-nurn-outputs-dictionary-
islinclex( the-cornponent-niuntoutputs( )==TRU E)

leaf-dictionary=( Dictionary *)(Entity *
(*by-numn-outputs-dictionary)

[the-cornponent-nurn-outputso];

/have to leaf dictionary
leaLdictionary-Remove( the-cornponent-~component-nameo);
leaf-dictionary-putObjecto;
if( Ieaf-dictionary-Cardinality( ==O)

by-num-outputs-dictionary-
Remove( thieconponeit-num-outputsO);

by-num-outputs-dictioniary-putObjecto;

if( bynu-n-outputs-dictioniary-Cardinalityo==O);
I

by-iium-unrecognized-xtictionary-
Remove( the-componenit-nurngeneric..typeso);

by-numnu n recognized dictionary-putObjecto;

if(by-nun-unrecogniized.Aictioniary-*Gardinality( ==O)

by .numninputs-dictionary-
Rei-nove( the-coiyiponent-numrinputsO);

Iby~ Jii niinp uts-dic tion ary-putObject (;
by -nLunLun recognized dictionary -deleteObject(TRU E);

I)y jtini-olit ptitsdict ioiary-deleteObject(TRJE);
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leaf-dictionary -deleteObjec t(T RU E);

SB.COMPONENT-ICTIONARY *S BOPERATOR.COM PON ENT-LIBRARiY::
query(SB OPERATORC.OMIPON ENT *query-comnponent)

SB-COM PON ENT-DICTIONARY *query -result=new SB -COMPONENT _DICTIONARYO;

Dictionary *Ieaf-dictionary;
Dictionary *by-iuinputs-dictionary;
Dictionary *by-num-urecogiiized-dictionary;
Dictionary *by-niii..outputsdictionary;

// get the correct state-.dictionary to start the query

if( query-xoip onent -states( )==T RUE)

by-nuntinputs-dictionary=state-dictionaryo;

else

by-num-inputs-dictionary=onstateAictionaryo;
1;

//have correct state dictionary so now find correct
/input dictionary

/for inputs must match exactly so only get one dictionary

if((by-num-in p uts-a ictionary- isindex(query-com ponent- n u i-inp uts))==TRUE)

by-num-.unrecognized..dictionary=
(Dictionary *)(Entity *)(*by..numlinputsdictionary)

[query -component- nu-i n pu ts()];
//got the correct unrecognized-dictionary so iterate over it for
/the output dictionaries

DictionarylIterator next outputs-dict=
DictionarylIterator( by -nurn..u n recognized -dictionary,

FALSE,
query -componlent-
num-unrecogiiized-types());

/loop through all of the unrecogni:ed types that are valid

while(next ou tp ut s-dict. more Datat )



by-nurnoutputs-dictionary=(Dictioiiary *)( Entity *
next -outputs -d icto;

//got the outputs dictionary so now get the leaf dictionarys

Dictionarylterator nextieaf-dict=
Dictioniarylterator( by.nium-outputs-dictionary,

FALSE,
query-component-
num-outputs());

while( next Jeaf-dicet. more Datao)

Ieaf-dictionary= (Dictionary *)( Entity *
next-leaf-dicto;

Dictionarylterator next com ponent=
Dictioziarylterator( Ieat~dictioniary);

//got an output dictionary so iterate
1through it and put the comiponents in the
//return result dictionary

whiile(nIext-conponenit moreDatao)

SB OPERATOR-CONI PON ENT *the-component=
(SB-OP ERATOR-COMI PON ENT * )( Entity *)next ..component();

if(query coniponent-fil ter( the-component) ==TRUE)

(luery-resu t.-ad d (the-component);

//add code to interface to sernantic check routine here

return query-result:

void SB-OPERATOR-COMNPON ENT -LIBRA RN: :ist(ofstream&k outstream)



operator-.componenitdi.ctionary( -print~i( outstream);

190



*include " sball.hx

#include "abextern~h

SBAIECOGNIZED-TYPES::SB..RECOGNIZEDTYPES(char *file): Object()

char new -type -iane[256];
jut count=O:
int flag-value;
int case..sensitive-int:

Dictionary *iiew-lamedictioiiarv=new
Dictionary(OC-striing,OCinteger,FALSE, FALSE);

the _n amedic tion ary =new-na med ictionary- fi ndTRefo;

ifstrearn type-defs( tile);

type-defs > case-sensitive j lt;
if(case-sensitive-iit==O)

I
case-sensitive= FALSE;

I
else

f
case ..seiisitive=TRU E;

Boolean done-flag=FALSE;
while(done-flag==FA LSE)

count++;
type..defs > new -ype -iiaime;
if(strci-p( new-type-aime,'--" )$-)

char *store -ypen ame:
if( !case-sensitive)

store-type.name=coivert -to-aipper( new -type..name);

else

store-type-name= new Jtype-liame:

n ame-dictionary() )-Insert(storetype -ia me, count);

else



done-flag=TRUE;
count--:

array -size= count;

Array *new-row-array=new A rray( OC -array, count, 1);
the -ow -.array =new -row -array -findTltefi)

it row-count=1;

for( row~couflt:=I row~couiit < array..size+ 1; row-count++)

Array *iiew-colum-array=niew Arrav(OC-iiteger,count, 1);
int i;
for(i=1;(i < count+1);i++)

type-defs > flag-value;
new colum-array -set Element (i, flag..val ue);

row-array() -set Element( row -count, new colum-array);

SB.RECOGNIZED-TYPES::SB -RECOGNIZED -TYPES(APL *theAPL) Object(theAPL)

void S BRECOGN I ZED..TYP ES: : Destroy (Boolean aborted)

int row-count;

name-dictioiiary( -Destroy( aborted);

for(row-count= 1; row -count < array-size+ 1; row-count++)

Array &row= *(row -arrayo);
((Array * )( Entity * )row (rowcou nt) -Dest roy (aborted);

row-array( - Destroy( aborted):

delete the-name-dictionary;
delete the-row..array;

Object:: Dest rov( aborted):
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void SB..RECOG N IZ E DTYP ES:: deleteO bject (Boolean deallocate)

int row-count;

name-dictionary( -delete~bject( FALSE);

for(row-count= I ;ow-count < array-size± 1; row-count++)

Array &row =*(row-array());
((Array *)( Entity * )row [row-couiit]) -deleteObject( FALSE);

row-array() )-deleteO bject (FA LSE);

Object: :delete~bject(deallocate);

void SB-RECOG NIZED-TYPES: : put.Object( Boolean deallocate)

int row-count;

inarne...dictioiiary( -putObject (deallocate):

for( row~couiit= 1;rowxcount < array..size± 1; rowvcounit++)

Array k-row= *(row -array());
((Array *)( Entity * )row [row cou nt) )-p ut Object(deallocate);

row array(- )putObject(deallocate);

Object:: putObject( dea llocate);

Type *SB..RECOG NIZEUX.TYPES: :getDirectType()

return SB-RECOGNIZED-TYPES-OType;

Array *SBJ{ECOGNIZED-TYPES::row-array()

return (Array *)( Entity * )the-rowvarray-Bindingo;

Dictionary *SB-RECOG NIZED-TYPES::namie-dictionary()

I
return (Dictionary * )( Entity * )the-narne-di ct ionary- Binding();

1;

Boolean SB-RECOGNIZEDA'YPES::map(int in-nmap~int out-map)

Boolean return -lag= FALSE:

Array& rows= *(row-array()):
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Array& colum=*((Array * )(Entity * )rowsIin-rnapl);

if( int(colurn[out-map])==1)

return -lag=TRU E;

return return-flag;

int SB-RECOGNIZED-TYPES: :type-iiurnber( char *type-id)

int return-value=SBYUNRECOGNIZED -TYPE;
char *search-id;

if( !case-sensitive)

search -id=coiivert -to -upper( type -1d);

else

search id=type-id;
1;

if( narne-.dictioniary( -isnidex(searcli-id))

return -value=init( namie-dict ioniary( -getltegerEement(search-id));

return return-valtie;

char *SBJIECOGNIZED-TYPES::convert-o-upper( char *type-id)

int i;

char *new-id=new char[st rlen (type-id )+ 1];
for( i=O;i<strlen( type id);i++)

if(islower(type-id[i]))

new-id[i]=type-id[i]+'A'-'a>:

else

new-id[i]=typeid[i]:

new-id[iI=NULL:
return new-id:
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# include" "ball. hxx"

# include "abextern.h"

SB-TYPE-NAMNE::SBWTYPENANIE(APL *theAPL) :Object(theAPL)

SB.TYPEN AM E:SB -YPE .NAMNIE(cliar *newjid,SBADDECLDICTIONARY
niew -dictionary) :Object()

the-id=iiew chiar[strlen(new~id)+1];
strcpy( the-id new-id);

if( newdict iouary== NULL)

I
new..dict ionary= nxew SB.JD-DECL-DICTIONARYo;

t he-id decld iction ary =new-dict ionary-fi ndT Ref();

Boolean fouiid-lag= FALSE;
SBADDECL *base-type-decl;
TDictionarylterator next id-decI= id decL dic tionary(- )id iteratoro;
wifle( nex t -1ddec 1. more Data() && !found-flag)

SBJD..DECL *theatype~dech=(SBJD.DECL *)(Entity *)next -id decl();
if((S NMA IN -LBRA RY- recogn ized -typeso)-

type-numhier( the-type-clecl-id( )==SB -BASE -TYPE)

/found the base type deci
fouiid-flag=TRUE;
base -tpe decl =the-type decl1:

iffound-flag)

/1has a base type defined so look zt up
the-base -ype id =( base Aype -lec -type -i ame() )-id()

else
{ 4

thebasetypeid=theid;

thebasedtypecode=(SB MIAIN -LIBRARY-
recognized -types( )- tyvpe -rnumber( the -asetAypeid);

the~typecode=(SB MNATN 1A BRA RY-
recogniized- Avpes( ))-type-iumiiber(the-id);
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void SB..TYP EN AMNE:: Destroy (Boolean aborted)

if(the-id NULL)

delete the-id;
1;

if(the..base-typei1d)

delete the-base-typeic;

id-deci-dictionjary( -Destroy(ahorted);

delete the-id-.decl-dictionary:

Object:: Dest roy( abort ed);

void SB-TYPE-NAMNE: :deleteObject(Boolean deallocate)

id-dxecl-dictioniarv( )-deleteOhject( FALSE):

Objec t: :deleteO bject (deal loca te);

void SR.TYPE-N AN E: :putObject( Boolean deallocate)

id-decl-dictioiiarv( )-putObject(deallocate);

Object: :putObject( deallocate):

SBJR.-DECLJJICTIONARY *S B-YPE-NAME:: id-decl dictionary()

return (SB-fl.DECL-DICTION ARY *) (t he-id decl-dictionary, Bind ingo);

Type *SB..TYPE.N AMIE: :getDirectType()

return SBTYPEYAME.OType:
1;

Boolean SBTYPENAME::operator ==( Entity& other-type)

Boolean return -flag= FA LSE

197



char *this-base-id =this- base-type-ido;
char *this-id= this - id (;
char *other-base-id=((SBTYPE.NAME &)othler -type). base -type .id;
char *other-id=((SBTYPE-NAME &)othler -type). ido;

if(strcmp(this-base-id ,other-baseid )==O k&&
(strcmp(tliisid,otherid)==O))

return -Jlag=TRUE;

return return-.flag;

Boolean SB-TYPE-NAM E::operator > (Entityk othertype)

Boolean return-flag= FALSE;
char *this-base-id=tliis-hase-typejdOi(;
char *thisid=this-ido;
char *other..baseid=( (SBTYPE -NAME & )other -type). base -type jdO;
char *other-id= ((SB-TYPEN A NIE &)othieritype).ido;

if( strcmp( this-Ibase-id ,othier-base-id) < 0)

return -flg= FALS E;

else if(strcrnp( ti&baseid,otlier-base-id) > 0)

return -lag=TRUE;

else if(strcmp(tlhisid,otherid)< 0)

return -lag= FALSE;

else

return -flag=TRU E;

return return-flag;

void SB.TYPE-NAME: :print~n(ofstreamn& outstream)

outstreamn < this-the-id;
outstreamn < " =< type-codeo;
outstreamn < ' <<' the-base-type-id <
outstreamn < base -y peco de( <

outstrearn <K" '



id.4ect-dictionary( -print~n~outstreami);
outstreamn < "I

Listlterator SB-TYPE-N AME:: deci .iterator()

I
return id-decl-dictionary ( )-order .iterator()

int SBWTYPE-NAME::ntirn-decI()

int return-value;

if(iddecldictionary( ==NULL)

return-value=O;

else

return -value=id -dect-dictionary( -nunm);

return return-value;

char *SBWTYPENAM~E::id()
I

return the-id;
1;

char *SBTYPENAME::basetype~id(
I

return the-base-typeid;

int SB&TYPEINAMvE::basetype code()

return the-base-type -ode;

int SB.TYPE-.NAMIE::type-code()

return the-type-code;

Boolean SB&TYPEjN AMLE:recognized()

return Boolean(ba-etypecode( )#SBJrN R EC.OG NIZED -YPE);
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* include" "sball. hxx"
* include "sbextern.h"

SB -EXTOBJ ECT::S B -EXT .OBJ ECT(A PL *theAPL) :Object(theAPL)

SB..-TEXT -0BJ ECT ::SB TEXT 0OB.IECT() - Object()
I

the-text=new char1J;
strcpy(the-text,"")

Type *SB&TEXT-OBJECT::getDirectType()

return SB-TEXT.OBJ ECT-OType;

void S B.TEXTO-0BJ ECT:: Dest roy (Boolean aborted)

delete the-text;
Object:: Destroy (aborted);

1;

void SB.-TEXT-OBJ ECT: :deleteObject( Booleani deallocate)

f
Object::deleteObject(deallocate);

void SB-TEXT-OBJECT::putObject(Booleani deallocate)

Object:: putObject~deallocate);
1;

void SB-TEXL.OBJ ECT::appeuid( ifstrearn&- instream)

ostrstream buffer;

while(!instream.eoff9)

char text= instream. get();
if(text -EOF)

buffer. put( text);

buffer.put( NULL);
the -text= bu ffer.stro;

void SBLTEXTOBJECT::append(cliar *instrilig)
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the-text=new char [strlen(inst ring)+ 1];
strcpy(the.-text, instri ng);

void S B-TEXT-OBJ ECT: :text (ofst reamn& outstream)

outstream < thie-ext;

char *SB.TEXT -OBJECT:: texto(

return tie-text;
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# include" sball. hxx"

# include "sbextern.h"

SB -TYPE _USAG E::S BTYPE -TSAG E(A PL *theAPL) : Object(theAPL)

SB-TYPE-USAGE::SBLTYPE-USAGE(cliar *new-type-id,
SBJ7YPE..NAMNE *new-type-name):
Object()

the-type-id=niew char[strlen (new -type-id)+ 11;
strcpy(the..ypeid,newiype Id);

the Aype name= newAype _n are-findT Refo;
tie-times-used=O;

void SB-TY PE -USAG E:: Destroy (Boolean aborted)

if(the-type-id)
I

delete the-type-id;I

type-name( )-Destroy (aborted);

Object :: Destroy(aborted);

void SB-TYPE-USAG E: :deleteObject( Boolean deallocate)

type-nar-ne( -deleteObject( FALSE);

Object:: deleteObject (deallocate);

void S BTYPE-USAG E:: putObjec t( Boolean deallocate)

type-name( -putObject(deallocate);

Object: putObject(deal locate):

char *SB-TYPE..USAGE::tvpe-id()
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return the-type-id;

SB..TYPE-NAME *SBJTYPE -U SAGE:: type-iame()

return ((SB-TYPE-NAME *) (thfe-type -narne- Binding()));

void SB-TYPE-USAGE::used()

f{
the-times-used++;

int SB&TYPE-USAGE::times-used()

return (the-tines-used);
1;

Type *SB..TYPE-JSAG E: :getDirectType()

I
return SBJTYPE-USAGE-OType;

void SB-TYPE-USAGE: :print~ii(ofstrearni& outstream)

outstream < thie-ype-id < " used " < tie-times-used <
type..naxne( -prinit~i(outstreaiin);

char *SB-TYPE-USAGE::base-type-id()

return type-nane( -basetype-ido;
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# include" sball. hxx"

# include "sbextern.h"

SBTYPE USAGE -DICTION ARY'::S B TYP E -SAGE -DICTION ARY(APL *theAPL):
Object(theAPL)

S B-YP E-SAGE DICTION ARY::SB -TYPE -USAGE -DICTION ARYO: Object()

Dictionary *new -dictionary-bv-base-type= new Dictionary (OC -string,
SB&TYPE-USAGE-OType.
TRUE,
TRUE);

t he-d iction ary by-basetyp enew i ct ionary -y base ype-fi ndTRefo;

Dictionary *new-djct ionary-bvaype-id= new D ic tionary(0G -string,
SBTYPE -SAGE -OType,
TRUE,
FALSE);

the-dictionary-bytype-.id=iiew-dictioniary-by-typeid-findTRefo;
Dictionary *iiew-dict ioniary-bv-times.usedniew Dictionary(OC..integer,

SB&TYPE-USAGEXJType,
TRUE,
TRUE);

the-dictionary-by-tirnes-usedniewv dictionary-by-tirnes-used-findTRefo;

void SB TYPE-USAG E DITION ARY:: Destroy(Boolean aborted)

Diction arylterator next-dectypeid-iteratoro;

while(next -dec1. more Datao)

((SBTYPESAC1 E *)( Entity *) nex t dec I()) -Destroy (aborted);
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dictionary-by-base-typeo-Destroy( aborted);
dictionary-by -typeid ( ),Destroy (aborted);
dictionary by-times-usedo -Dest roy( aborted);

delete the -ictionary-by -base Aype;
delete the-dictionary-bydype-id;
delete the-dictionary-byiies-aised;

Object:: Destroy (aborted);

void SB-TYPE-USAG EDICTIONA RY: :deleteObject(Boolean deallocate)

Dictionarylterator iiext-decl=type-id-iteratoro;

while( next..decl. inore Datao)

((SBJTYPE-USAGE * )( Entity *)next -decl( ))-deleteObject(FALSE);

ditoay1bs;ye )~eeebet AS)

dictionaryby-atypeo -deleteObject( FALSE);

dictionary-by-tinies-used( -deleteObject( FALSE);

Object: :deleteObject( deallocate);

void SBWTYPE-USAG EDICTION ARY: :putObject( Boolean deallocate)

DictionarylIterator next -decl=typeidA.iteratoro;

while(next dec 1. more Datao)

((SB..TYPE-USAGE *)( Entity * )next -decl( ))-putObject(deaIlocate);

ditoayb-as-ye;u~jetdalct)
dictionary-bybaeype -putObject(deallocate);

dictionary-by -i mes-used- putObject( deal locate);

Object:: pu tObj ect( deallocate):

Type *SBWTNPE_[SAG E-DICTION ARY::get Di rectType()
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return SBWTYPEUSAGEL-ICTIONARY _lType;

Dictionary *SWB.TY P E _U SAGE -DICTION A RY:: dictionary-by-base-type()
I

return (Dictionary * )( the-dictioniary-by-.basetype-Binidingo);
1;

Dictionary *SB.TYPE -USAGE -DICTION ARY::dictionary-by-typeid()

return (Dictionary *)(thiedictiotnaryby.typeid-Binidingo);

Dictionary *SB -TY P E _USAGE E.DICTIONA RY: :dictionary-by-tires-used()
I

return (Dictionary *)(thiedictioniarybyltimies-used-Bindingo);

Boolean SB-TYPE-USAGEDICTIONARY::add-type(cliar *type-id,SB.JYPE-NAMIE
*type-name)

Boolean return-flag;

if( dictionaryby-type-id(- )-sndex( typeid )== FALSE)

/ID NOT YET USED
SBJTYPEUSAGE *newusage=new SB..-TYPE USAG E(type -id,type-nane);

diction ary-by.ty pe-id( -Insert(typeid, new-usage);
dictionary-by base-type( )-I nsert (type -nare-base -type d(),new -usage);
dictionary -by _ 1mes-used( -nsert (0,new -usage);

return -lag=TrRUE;

else

i/ d already in use so can not insert
return -flag= FALSE;

return return-flag;

Boolean SBTYPE X SAGEJ-DICTION ARY: :add type(SB -YPE-USAGE *type-usage)

Boolean return-flag;
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if(dictionary byty peid () -isIndex ( typeusage- typ eid( )=FALS E)

/ID NOT YET USED

dictionary-by typeid( )-Insert (typeusage--type id(),typ e usage);
d ictionary-by-base-typ e( )-Insert (ty pe -sage-base -ype id () ,type -.usage);
dictionary-by-i mes-used() )-Insert(O, typ e-usage);

return -lag=TRU E;

else

i/ d already in use so can not insert
return -flag= FALSE;

return return-flag;

Boolean SBJTYPE-SAGEDICTIONARY::append(SB.TYPEUSAGE -DCTIONARY
*dictionary)

Boolean return flag,=TRU E

Dictionarylterator next id =d letionary -type-id -1teratoro;

while(tiext-id .iioreData() &k retiirn-ilag==TRU E)

SBJTYPEUSAGE *the-usage=(SB-TYPE-USAGE *)(Entity *)next-ido;
ret urn Jflag=add ty pe(t lie-usage);

/* next-id.Reset();
wlile(nerf-id. rnoreData')

SBTYPE- USA GE * theusage= (SBTYPEUSA GE *)(Entity *)next-ado;
dictionary-> rernotve-usage(the-usage):

diction ary-> Vest roy(FALSE),*/

return return-flag;

void SBTYPEUSAG E-DICTION A RY: :remove-iisage(SBJTYPE-USAG E *the-usage)

dictionary -by-ies-used( - Remove( the-usage- timiesused( ),the-usage);
dictionary-by-type-id( -Rer-nove( the-usage-type-id( ),the-usage);
dictionary -by -base-type( )- R emove(t he-usage- basety pe .id( ),the-usage);
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void SBWTYPE-USAG E.DICTIONA RY: :prinit~i(ofstrean& outstream)

DictionarylIterator &next-decl=
*(new Dic tion arylterator(d dic tionary -by base-ty peff);

while(next-decl.inoreDatao)

((SB..TYPE-USAGE *)( Entity *) next decI( )) -printO n(ou tst ream);
outstrearn < "\no;

1;
Ditinr SBtYerar SGB.ITIONUARY:E:-IIONA Y:tyeii()eat

return DictioniarvIterator(dictioniar-vtvlpeid( )
1;

DictionarylIterator SBLTYP E-USAG E -DICTION A RY: :baseAype-iterator()
I

return Dictioniarylterator( dictiouiaryby-base-type());

DictionarylIterator SBTYPE -USAG E -DICTION ARX':A:irnes-used-iterator()

return Dictioniarylterator(dictioiiaryhby-tines-usedo);

Boolean SBTYPEUSAGEDICTIONA RY::update(SB-TYPE -NAME *type-name)

Boolean return -lag= FALSE;
if(dictionary-by-type-id( -islndex( type-iiame-id9))

thig~s type id is in Mhe list so update its usage
((SB-TYPE .USAGE * )dictioiaryby-type-id( -

get Entity Elemen(typeiia ie-id( u))-sed:
return -iag=TRU E;

return return-flag;
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APPENDIX C - PARSER GENERATION INPUT
FILES

A. LEX INPUT

# include 'y.tab~h';
int line flumbe--1;

a JaA]
b [bBI
c [CC]
d [dD]
e [eEl

f[fF
g [gG]
h [hHI
i fill
j Uli
k [kKI

I[ILI
m [M]
n [nNI
0 [o01
p IpPI
q [qQ]
r [rR]

s SS]
t [tT]
u IuU]

[IVI
w [WWI

[ xx]
y [yyI

zIZZI
space II

I t) (y) (p (e) return(TYPE);
(s) (p)1(e) (c) (i) ()([c] (a)(It) (i) (o) (n) return(SPECIITCATION);
(e) (In) (d) return(END);
(g) (e) In) (e) (r){i) (c) return(GENERIC);
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(o) (p) fel (r) (al) (o () retun(OPERATOR);
[i) (n) (p) Jul (t) return(INPUT1);
(0) (ul W' (p) Jul Wt return(OUTPUT);
(s) It) (a) (t)(e)(s) return(STATES);
(e) x) fc)(e) (p)It)Ji) (o)In) Is) return(EXCEPTIONS);
[b) (y) (space) Jr) (e) (q) Jul (i) [r) (e) [m) (e) In)I{t) Is) return(BY...REQ);
(d) (e) (s) (c) (r) (i) (p) It) fi) (o)lIn) retur(DESCRLPTON);
(a) jx) I i) (o) (in) (s) return(AXIOMS);
[k) (e) [y) (w) (o) (r) (d) Is) reiturn(KEYWORDS);
(m) (a) (xl (i) (m) Jul [m) (space) (e) (xl te) [c) Jul (t) (i) to) In) (space) It) ji) (m) (e)

retur(MAX -EXECTIME);
(m) (i) (c) (r) to) (s) (e) (c) retumn(MICROSEC);
(m)Is) return(MS);
(s) fel c) return(SEC);
(m) Wi In) return(MIN);
(h) (o) Jul (r)I(s) return(HOURS);
(a) (I (d) return(AND);
to) (r) return(OR);
[x) (o)1(r) return(XCR);
It) (r) Jul (el return(TRIJE);
(ff) (a) (1) (s) (e) return(FALSE);
(n)fo) (t) return(NOT);

"<" return('<);
return($');
return('=');
return(GTE);
relum(LTE);
return(NEQV);
retun('+9);
return(-);
return(W&);

*'*"return(*);
99/99 returnCf);

(mn) to) (dl return(MOD);
(r) (e) (m) return(REM);

'* *" return(EXP);
[0-91[0-9] * return(INTEGERLITERAL);
[0-9l[0-9J*.. "10-9] * return(REAL -LITERAL);

"""[A 1*99999retur(STRINGLITERAL);
returnf.');
return(':9);

'T.9 return(99 );
7. return(']';
"1(. return('');

9(99 return('(');

char *teinp-yytext;
while(*temp!=NULL)

if(*teinp-=\n')
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line-number++;

temp++;

return(TEXTBLOCK);

[a-zA-Z] [a-zA-ZO.-9I* return(ID),
[\\tJ;

line-number.+;
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B. YACC INPUT

%start component

%union
void* OBJECTPOINT;

%token ID, TYPE SPECIFICATION END GENERIC
%token OPERATOR INPUT OUTPUT
%token STATES EXCEPTIONS ByREQ DESCRIPTION AXIOMS
%token TEXT_BLOCK KEYWORDS
%token MOD GTE LTE
%token MS MICROSEC SEC HOURS MIN AND OR XOR
%token NEQV REM EXP
%token INITIALLY MAX...EXEC_TIME
%token INTEGERLITERAL TRUE FALSE REALLITERAL STRINGLITERAL
%token NOT ABS

%type <OBJECT _POINT> type-spec optional-generic.specs
%type <OBJECT_-POlNT> optional-ypeAecI optionaloperator.decl
%type <OBJECTPOINT> operator datajtype type-name generic-auributes
%type <OBJECTPOINT> input-attributes output-attributes exceptionsattributes

#include <stream.hxx> H/ c++ specific io routines

#include "sball.hxx"

/* this code allows the c++ compiler to use the c code generated by lex as standard c code *

extern "C--"

extern int yylexo;
extern it line_number;
extern char yytext[];
#include <string.h>
#include <ctype.h>
#include <stdlib.h>
#include <stdio.h>

extern, mt yyerror(char*)

extern SB_COMPONENT* YYPARSE-component; HI global pointer to the main library object
extern Boolean YYPARSEqueryjflag;

HI predeclare functions for internal stacks

213



void push .object(void *new-obiect).
void *top..objectO;
void *popoqbjectO;
void pushjid(char *new_id);
char *top-ido;
char *popjido;
void push jid(char *newid);
char *topnfdo;
char *popflidO;

HI declare global variables for the parser

Boolean SBCOMIPONENTADTFLAG=FALSE;

char *psdl type-name;

component:

data_type

YYPARI~Esomponent=(SB COMOPONENT *)$I;

operator

YYPARSf component--(SB-COMIPONENT *)$I1;

data-type:

TYPE
push-JD

psdltype.name=topjido;
push--object(new SBADTCQMPONENT(popjido));
SBCOMIPONENTADTFLAG=-TRUE;

typespec

$$--(SBS.OMPONENT *)popobjecto;

type-spec:

SPECIFICATION
optional-generic-specs
optional-type..decl
optional-operator-deci

214



functionality
END

if($2!=NULL)

((SB..ADT COMIPONENT *)top-objecto)->
insertgenerics((SBTYPEUSAGEDICTIONARY*)$2);

if($3 !=NULL)

((SBADT COMPONENT *)top--objectO)->
insert-adtusage((SBJYPEUSAGEDICTIONARY *)$3);

if(S4!=NIJLL)

((SB..ADT COMPONENT *)op-objetO).>
insert-operators((SB-ADTOPERATORDICTIONARY *)$4);

optional-generic-specs:

GENERIC
push...newSBTYPEUSAGE_-DICTIONARY
list-of-jypedecl

$$=(SBrYPEUSAGEDICTIONARY *)popobjecto;

/*optional*/
[$$=NULL;);

optional-type-ddc:

push-newSBTYPEUSAGEDICTIONARY
list-of type-.decl

$$=(SBFTYPEUSAGEDICTIONARY *)popoqbjecto;

/*optionlal*/
($$--NULL;);

optionaloperator-decl:

push~.new_SB_ADT_OPERATORDICTIONARY
operator-list

$$=(SB-ADTOPERATORDICTIONARY *)popobjecto;
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/*optional*/
($$=NUILL;);

list-of-typejecl:

list_of.type..decl

type-decl

Iye.el

typedecl

push-id-list-start
id_list

type-name

Imust use another stack in order to reverse the order back
Ito the original order in the declaration

while(topjidO!=BOTTOMjD)

push-rid(pop-ido);

pop-idO; II pop off the BOTTflM_!D MARKER
while(topjido!=NULL)
I
((SB TYPE_.USAGEDICTIONARY *)opobjecto).>

add..type(popjfido,(SBTYPENAME, *)$4);

id list:
id_list

push-ID

push-D

type-jiame:

push-H)I

$$=new SBTYPENAME(popjido,(SB-JDDECL_DICTIONARY*)NULL);

push-3D
T
push - ew_-SB_-ID_-DECL_DICTIONARY
list-of~id-dccl
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$$=new SBTYPENAM(popido,(SBJD DECLDICTIONARY*)popobjecto);

list-of-idecl:

list_of~id_deci

id-dccl

id-dccl;

id-deci:

push-id-list-start
id_list

type..name

#I must use another stack in order to reverse the order back
HI to the original order in the declaration
while(top_ido!=BOTTOMJD)

pushjid(pop-ido);

pop-ido; HI pop off the BOTTOMID MARKER
while(top-ido! =NULL)

((SB-ID-DECLDICTIONARY *)topobjectO).>
add-dccl(popjidO,(SBJTYPE-NAME *)$4);

operator-ljist:

operator

((SBADTOPERATORDJCTIONARY*)topobjectO)->add((SB_ADTOPERATOR*)$ 1);

operator
operatorjlist

((SBADTOPERATORDICTIONARY*)top-objecto).>
add((SB_ADTOPERATOR*)$ 1);

functionality:

keywords

informal-desc
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formal-desc

keywords:

(/*optional*/)

KEYWORDS
pushjid-list-start
id list

while(topjido!=BOTTOMJID)

(((SBCOMEPONENT *)top-objet)>keyworddcolaryo).>add(popjido);

pop_idO; // remove the bottom-id

informal-desc:

(/*optional*/)

DESCRIPTON
TEXTBLOCK

char *the-text--new char~strlen(yytext)+ 1];
H/put all but the opening ( and closing )into the-text
mnt i;
for(i=l1;i< strlen(yytext)- 1;i++)

thejextfi-1I1=yytext~i];

thejext[i-1 ]=NULL;
(((SB&COMPONENT *)topobjet)>informtal-description)>append(the-text);
delete the.3ext,

formal-desc:

(/*optional*/

AXIOMS
TEXT_BLOCK

char *the_text--new chartstrlen(yytext)+ lj;
HI put all but the opening ( and closing ) into the-text
int i;
for(i= 1 ;< strlen(yytext)- I ;i++)

thejext[i- II=yytext[i];

thejtextf i-I ]=NULL;
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(((SB..COMPONENT *)o~bet)>om~ecipin)>pedtetx)
delete the text;

operator

OPER ATOR
push-ID

if(SB.SCOMPONENTADTFLAG--=TRUE)

HI concatonate, the psdL-type name and the operator name to ensure
#I a unique name in the database for the new component
char *component-name=new
char[strien(psdltype..name)+
strlen(topjidO)+2];
strcpy(component-name,psdi-type-..namne);
strcat(component name,".");
strcat(component name,pop-ido);
push-.object(new SB-ADTOPERATOR(component-name));
delete component-name;

else

push-object(new SB-OPERATORCOMPONENT(popjido));

operator-spec

$$=pop-objectO;

operator..spec:

SPECIFICATION
operatorjinterface
functionality
END

operatorjinterface:

attribute
req-trace
operator-interface

attribute:

generic-attributes
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((SB-OPERATOR
*)topopbjet)>insgerjercs((SBTYPEUSAGEDICTIONARY *)$I1);

inpuLattributes

((SBOPERATOR *)top-objecto)->add inputs((SBID-DECLDICTIONARY *)$I1);

outpui..attributes

((SB OPERATOR *)topobjcto)->
add-outputs((SBJIDDECLDICTIONARY *)$1);

stateauributes

exceptions~attributes

((SB-OPERATOR *)top-objto).>
add-exceptions((SBEXCEPTIONDICTIONARY *)$I);

max-execution-attnibute;

reqjrace:
(/*empty*/)

BYREQ
id-list

generic-attributes:

GENERIC
pushjiewSBTYPEUSAGEDICTIONARY
list~oftype-decl

$$-(SBYPEUSAGE_DICTIONARY *)popobjecto;

input-attributes:

INPUT
pushjicwSB_DDECLDICTIONARY
list~ofidjdccl

$$=(SB-IDDECLDICTIONARY *)pop~objecto;

outputattributes:
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OUTPUT
push- yewSBIDDECL_,DICTIONARY
list-of~id-deci
I

$$=(SB-ID_DECL_DICTIONARY *)pop-object();

state-attributes:

STATES
list-of~id-deci

HI through away the list of type deci since it is not used
pop opbjecto;

INITIALLY
initial-expressionjlist

exceptionsattributes:

EXCEPTIONS
push yewSBEXCEPTIONDICTIONARY
push-id -list_start
id_list

while(topjido!=BOTTOMJD)

((SBEXCEPTIONDICTIONARY *)topobject0)->add(popjdO);

popidO; H/ pop off the bottom marker
$$=(SB-EXCEPTIONDICT1IONARY *)popobjecto;

max_execution_attribute:

MAXEXECTIME time;

time:
INTEGERLITERAL MICROSEC

INTEGERLITERAL MS

INTEGERLITERAL SEC

INTEGERLITERAL MIN

INTEGERLITERAL HOURS,

initialexpression-list:
initial..expression-list
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initial-expression

initial-expression;

initialex'pressiofl:
TRUE

FALSE

INTEGER_LITERAL

REAL_LITERAL

STRING_LITERAL

ID

type-n.fame

ID

type-name

ID
'(' initiat..expressionlist ')'

'(' initial-expression'*)

initial-expression
log..op
initial_expression
linitialexpression
rel-op
initial..expression
I.-.
initial-expression

initial_.expression

initialexpression
bin-add-op
iniial-expression

initial_expression
bin-muL-op
initial-expression

initial_expression
EXP
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initialexpression

NOT
initial_.expression

ABS
initialexpression;

log-op:
AND

OR

XOR;

rel_op:

GTE

LTE

NEQV;

bin~add-op:

bin..mul-op.

MOD

REM;

push 3D:

ID

char *new-id=new charfstrlen(yytexth+ I];
strcpy(new-id,yytext);
push-id(new-id);
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push..newSBEXCEPTIONDICTIONARY:

push-object(new SBEXCEPTIONDICTIONARYo);

pusfr-newSBTYPEUSAGE_DICTIONARY:

push-object(new SB-YPEUSAGEDICTIONARYo);

push-newSB_ADTOPERATORDICTIONARY:

push-object(new SB-ADTOPERATORDICTIONARYO);

push- d-jiststart:

push-id(BOTTOM_ID);

push-new_SB_IDDECLDICTIONARY:

push-object(new SBJDDECLDICTIONARYO);

/* define the id stack and the object pointer stack/

typedef struct OBJECTSTACK_RECORD

void *objectj~oint;
OBJECTSTACKRECORD *next-record;

OBJECTSTACKRECORD;

typedef struct IDSTACK.3ECORD

char *id;
IDSTACK-RECORD *next-record;

ID-STACKRECORD;

typedef struct NAMESTACKRECORD

char *name;
NAMESTACKRECORD *next-record;

I NAME STACKRECORD;
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char BOTTOM_-ID_-MARKER[21="#"; /* used as a bottom of id-list marker *
char *BOTTIOMID=(char *)BOUTOMIDMARKER;

OBJECTSTACKRECORD *top-object-in-stack=NULL;
ID_-STACK_RECORD *top id_in-stack=NULL;
ID)_STACKRECORD *top nid-in-stack=NULL;
NAMESTACKRECORD *[op-name in-stack=NULL;

void pushobject(void *new_object)

OBJECTSTACKRECORD *new-object-record=new OBJECTSTACKRECORD;
new-obectrecord->object-point=new-object;
new_object-record->next record=tops.bjectnstack;
top-objectinstack=new object-record;

void *topobject()

void *rc.um -object= NULL;
if(topjQbjecjn.stack! =NULL)

return-objecl=topobjectinstack->objectpoint;

else

cerr << "error in object stack tried to view top object that was nulfni';

return return-object;

void *pop-objectO

void *retturnobject=NULL;
OBJECTSTACKRECORD *temp-point--top-bject-in-stack;
if(top--object-in-stack! =NULL)

return-obct--top-objectinsack->object-point;
top...object-in-stack=top..object-in-stack->next-record;
delete temp-point;

else

cerr << "PARSER: error in object stack read past end~n";

return return-object;

void pushjid(char *newid)

IDSTACKRECORD *new-id-record=new IDSTACKRECORD;
new-id-record->id=new-id;
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new_id_record->next_record=topjr- in~sack;
top ridin_stack=new_id_record;

char *top-rdo

char *return,.hid=NULL;
if(topjfid-in stack! =NULL)

returnjd=topjid in_stack->id;

return return-id;

char *popnrdo

char *retuijnid=NULL;
if(topjfidnstack! =NULL)

return id=top-id-in-stack->id;
IDSTACK_RECORD *temp-point--top rid-in_stack;
Lop rid-in-stack=topridinsack->next-ecord;
delete temp-point;

else

cerr << "PARSER: error in rid stack read past end\n";

return return-id;

void pushjid(char *new-id)

IDSTACKRECORD *new-id-record=new IDSTACKRECORD;
new_id_rccord->id=new_id;
new -id~record->next_record=topjidnstack;
top-id-in-stack=new-id-record;

char *topido

char *return-id=NULL;
if~top_d-in_.sack!=NULL)

returnjd=topidn-stack->id;

else

cerr << "PARSER: error in id stack looked at NULL record\n";

return return-id,
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1;

char *pop-ido

char *retum-lid=NULL;
if(top-id-in-stack! =NULL)

return -id=topjd.in..stack->id;
IDSTACK_RECORD *temppointtp-id-instck;
t op-id -n sack=op_id_in-stack->next-record;
delete temp-point;

else

cerr << "PARSER: error in id stack read past end\n";

return return-id;
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APPENDIX D - INTEGRATING ADA
COMPONENTS INTO CAPS

Once a reusable component has been retrieved it must be transformed for use in the

prototype being developed. As previously discussed, this requires that the names for

parameters, streams, operators, and types be changed to match those of the query

component. Along with this transformation the execution support system expects several

naming conventions to be followed for Ada components. This appendix will discuss how

an Ada reusable component can be transformed into the domain of the query component

as well as the naming conventions the execution support system expects for Ada

components. An example of the transformation process is also included.

A. ADA REUSABLE COMPONENT NAMING CONVENTIONS

The execution support system requires that all Ada reusable components are

implemented via packages. To simplify the process of identifying package names the

following conventions are used.

1. Operators

An operator with an ID of operatorname will be implemented in a package

named operator name-pkg. The operator itself will be implemented by the procedure

operator name-pkg.operator-name.
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2. Types

A PSDL type with an ID of psdl-type-name will be implemented in a package

named psdl-typename-pkg.

B. EXAMPLE

1. Query Specification

type integer-set
specification

integer_set: ADT

operator create
specification

output
theset: integer-set

end
operator insert
specification

input
x : integer,
in_set : integerset

output
out_set : integer-set

end
operator remove
specification

input
x : integer,
inset : integer-set

output
outset : integer-set

end
operator member
specification

input
x : integer,
inset: integer-set

output
result: boolean

end
end

229



2. Library Specification Located As A Match

type set
specification

generic t: GENERIC_TYPE,
block_size: GENERICVALUE,
eq : GENERICPROCEDURE

set: ADT

operator empty
specification

output
s : set

end

operator add
specification

input
X: t
si :set

output
so : set

end

operator remove
specification

input
x: L
si :set

output
so : set

end

operator member
specification

input
X: t
s :set

output
v :boolean

end

operator union
specification

input
slI s2 : set

output
s3 : set

end
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operator difference
specification

iptsl,s2 : set
output

s3 : set
end

* operator intersection
specification

input
sl,s2 : set

output
s3 :set

end

operator size
specification

input
s: set

output
v natural

end

operator equal
specification

input
sl,s2 : set

output
v : boolean

end

operator subset
specification

input
sl,s2 :set

output
v :boolean

end

keywords SET

description ( SET ADT WITH OPERATIONS FOR EMPTY, ADD, SUBSET, EQUAL)

end
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3. Matching Map

TYPE set -> integer _set
MAP

set -> integerset

GENERIC
t -> integer
eq -> UNDEFINED

OPERATOR empty -> create
MAP

OUTPUT
s: set -> new-set: integerset

END

OPERATOR add -> insert
MAP

INPUT
x :t -> x : integer,
si :set - (.set : integer -set

OUTPUT
so: set ->outset : integer _set

END

OPERATOR remove ->remove

MAP
INPUT

x :t ->x : integer,
si :set ->in-set : integer _set

OUTPUT
so: set ->outset : integer-set

END

OPERATOR member -> member
MAP

INPUT
x: t -> x : integer,
si: set -> in_set : integer-set

OUTPUT
v :boolean -> result: boolean

END
END

'Me grammar that defines this mapping language is included in this Appendix.
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4. Generated Ada Code

From this matching map the following Ada specification and implementation

can be generated to implement integer-set.

C. ADA SPECIFICATION

with sb_setpkg;
package integer...se-pkg is

type integer-set is private;

procedure create(new_set : out in teger-set);

procedure insert(x :in integer;
in-set : in integer-set;
out_set: out integer-set);

procedure remove(x :in integer;
in-set : in integer-set;
out_set : out integer-set);

procedure member(x: in integer;
in-set : in integer-set;
result: out boolean);

private
package sb-set-pkg to-integer..setpkg is new sb_setpkg(integer,UNDEFINED);
integer -set is subtype sb-set-pkgonteger.set-pkg.set;

end integer-set-pkg;
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D. ADA IMPLEMENTATION

package body integer-set-pkg is

procedure create(new-set : out integer-set) is
begin

sb-seLpkgtj-ntger-Setpkg.empty(new5Ct);
end;

procedure inseht(x : in integer;
in-set : in integer~set;
Out_set : out integerset) is

begin
sb-seLpkg-onteger-Sepkg.insert(x,i.set,ouLset);,

end;

procedure remove(x : in integer;
in-set: in integer -set;
out-set: out integerset) is

begin
sb-seLpkgtointegersepkg.remove(x,i.set,outset);

end;

procedure member(x: in integer;
in-set : in integer-.set;
result : out boolean) is

begin
sb-set-pkg-tointeger-set-pkg.member(x, inwsetresult);

end;
end integer-Setpkg;

234



E. PSDL MATCHING MAP GRAMMER (YACC INPUT FORMAT)

%start psdl-map
%token ID OPERATOR MAPS_TO MAP END TYPE GENERIC COMMA INPUT OUTPUT
%token COLON UNDEFINED

psdl-map:
operator map

typemap

operator map:
OPERATOR
library-id
MAPS_TO
query-id
MAP
operator-attributes
END

typemap:
TYPE
Iibrary-id
MAPSTO
query-id
MAP
type..attributes
END

adt~mapjlist
generic-.mapjlist
operato-map-list

adt-map-list:
(/*OPTIONAL*/)

map-typejlist

geneic-map-list:
(/*OPTIONAL*/)

GENERIC
map-typejlist
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operatorjnmap list:
operaor-mapjist
COMMA
operator-map

operator-Map

operator_attributes:
generic-map-list
inpuLmap-list
outpuLmap-list
exception...map-list

input-map-list:
(/*OPTIONAL*/)

INPUT
mapdecl_list

oulput-map-list:
(/*OPT'IONA4L*/)

OUTPUT
map-.decl-list

exceptionmap-list:
{/*OPTIONAL*/)

EXCEPTION
map-exceptionjlist

map-iecl-list:
map jlecilist
COMMA
map-.decl

map-lecl

map-iecl:
library-id
COLON
library-type-id
MAPS TO
query-.id
COLON
query-type-id

library-id
MAPSTO
UNDEFINED
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map-ypeilist:
map- typejist
COMMA
map-type

mapjtype

map-type:
library-type-id
MAPSTO
queryjype-id

library-type-id
MAPSTO
UNDEFINED

map....xcepion-list:
map...excepionjlist
COMMA
map.-exception

Iaeceio

mapexception

library-id
MAPSTO
query-id

library-id
MAPS__TO
UNDEFINED

UNDEFINED
MAPS-TO
query-id

library-id:
id

queryid
id

library-type-id:
id

query-type-id:
id

ID
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APPENDIX E - COMMAND LINE INTERFACE
SPECIFICATION

The software base has been implemented with a command line interface to simplify

its integration into CAPS. This Appendix provides a detailed specification of the

command line interface for the software base.

The following is a list of the software base commands available and how to used

them. Each command is prefixed by the name of the software base executable (i.e.

capssoftwarebase).

A. MAKE NEW SOFTWARE BASE LIBRARY

1. Command

ml libraryname typematching-rulefile

2. Description

Creates a new reusable component library within the software base named

libraryname using the type matching rules specified in the file

type_matchingrule.tile. See Appendix A for a description of the contents of the type

matching rule file.

3. Example

%caps-softwarebase ml Ada Adarulefile
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B. DELETE SOFTWARE BASE LIBRARY

1. Command

dl libraryname

2. Description

Deletes the library libraryname from the software base and all of the

components in this library.

3. Example

%caps-softwarebase dl Ada

C. ADD A COMPONENT TO A SOFTWARE BASE LIBRARY

1. Command

ca library-name psdl-file imp-spec impbody

2. Description

Adds the component specified in psdlfile to the library named library_name.

The implementation source code is in the files impspec and imp body.

3. Example

%caps-softwarebase ca Ada sb-set.psdl sbset.spec.a sb_set.body.a
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D. DELETE A COMPONENT FROM A SOFTWARE BASE LIBRARY

1. Command

cd library-name component-name

2. Description

Deletes the component named component-name from the library named

libraryname.

E. UPDATE A COMPONENT IN A SOFTWARE BASE LIBRARY

1. Example

%caps-softwarebase cd Ada sbset

2. Command

cu libraryname psdl-file imp-spec imp-body

3. Description

Update the existing component specified in psdl file with the new

specification given in psdl file and the new implementation given in the files impspec

and impbody.

4. Example

%caps-softwarebase cu Ada set.psdl new-set.spec.a newset.body.a
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F. VIEW A COMPONENT IN A SOFTWARE BASE LIBRARY

1. Command

cv library-name component-name sbset.psdl sbset.spec.a sb-set.body.a

2. Description

Generate text files for viewing the component component-name which is in

library library name. The text is written to the files specified by psdl_file, impspec,

impbody.

3. Example

%caps-softwarebase cv Ada sbset.psdl sb-set.spec.a sbset.body.a

G. LIST OF KEYWORDS IN A SOFTWARE BASE LIBRARY

1. Command

kwl libraryname output-file

2. Description

Generate a list of keywords defined in library libraryname. This list is

provided to allow the formulation of keyword queries or when selecting keywords for a

new component. The list of keywords is written to the file output-file.

3. Example

%caps-softwarebase kwl Ada keyword-list
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H. LIST OF COMPONENTS IN A SOFTWARE BASE LIBRARY

1. Command

cl library-name outputfile

2. Description

Generate a list of component names defined in library library name. This list

can be used for named look up of components in the software base. The list is written to

the file output-file.

3. Example

%caps-software base cl Ada componentlist

I. LIST OF PSDL TYPES IN A SOFTWARE BASE LIBRARY

1. Command

tl library-name outputfile

2. Description

Generate a list of PSDL type components defined in library library name.

This list can be used for named look up of type components in the software base. The

list is written to the file output_file.

3. Example

%caps-softwarebase td Ada type-list
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J. LIST OF PSDL OPERATORS IN A SOFTWARE BASE LIBRARY

1. Command

ol library-name outputfile

2. Description

Generate a list of PSDL operator components defined in library

library name. This list can be used for named look up of components in the software

base. The list is written to the file output-file.

3. Example

%caps-softwarebase ol Ada operator-list

K. KEYWORD QUERY

1. Command

kwq libraryname keyword-list output-file

2. Description

Perform a keyword query on library libraryname using the keywords in the

file keywordlist, and write the output to outputfile. The output file contains the

component name, the percentage of keywords matched, and the first line of the

description of the component.

3. Example

%caps,_softwarebase kwq Ada query-keyword-list resultlist
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L. COMPONENT QUERY

1. Command

cq libraryname psdlfile outputfile

2. Description

Performs a query by specification on the library libraryname using the

PSDL specification in psdlfile for the query. Writes the output to output-file. The

output file contains the name of the component, the percentage score from semantic

matching, and the first line of the description for the component.

3. Example

%caps-softwarebase cq Ada query.file resultfile

M. GENERATE MATCHING MAP

1. Command

cgm library-name psdlfile component-name outputfile

2. Description

Generate a matching map of how the component componentname matches

the PSDL specification in psdl file and writes the map to the file output-file. This

function is currently not implemented.

3. Example

%caps-softwarebase cgm Ada query.psdl resultfile
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N. COMPONENT DIAGNOSTICS

1. Command

cdiag libraryname component-name outputfile

2. Description

Creates a text file that contains diagnostic information about the component.

3. Example

%caps-software_base cdiag Ada sb-set
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APPENDIX F - CAPS SOFTWARE BASE
GRAPHICAL USER INTERFACE USERS

MANUAL

A. BASIC MOUSE TECHNIQUES

1. Clicking

Clicking the mouse means moving the cursor to the desired location and

pressing the left mouse button and then releasing it.

2. Double Clicking

Double clicking means clicking the mouse on an item twice in rapid

succession. This technique is often used to select an item from a list of items.

3. Dragging

Dragging and item is accomplished by moving the cursor to the desired item

and pressing the left mouse button. While holding the button down the item can be

moved (dragged) to the desired location. To complete the operation simply release the

mouse button.

4. Push Buttons

A button is pushed by clicking the left mouse button while the mouse cursor is

over the button. Pushing a button will cause the labeled action to take place.
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5. Pull Down Menus

A pull down menu is selected by clicking the left mouse button on the menu

title and holding the button down. A list of the available options for this menu will be

displayed. To select one of the available options move the mouse to the option (a

highlighted bar will follow the mouse) and let up on the mouse button. Letting up on the

mouse button anywhere outside of the pull down menu's option list will take no action.

6. Scrolling

1. Click on scroll bar arrows to scroll display one line in the desired direction.

2. Click above or below the scroll bar display icon to move up or down a page of
information.

3. Drag the scroll bar display icon to the desired position in the view.

4. Use the middle mouse button to get the "Grabber Hand" which can be used to
move the display. This method can be used on all scrolling views even if there is
no scroll bar. This is useful for string editors that have no scroll bars.

7. Sizing Windows

All of the windows in the Software Base user interface have been designed to

allow resizing to user preferences. The method used to resize a window depends on the

version of XII window manager that is in use. The examples in this manual are for the

OpenWindows manager.

To resize a windows, In OpenWindows, simple drag any comer of the window

in the desired direction and the window will be resized.
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B. STARTING THE SOFTWARE BASE GRAPHICAL USER INTERFACE

The Software Base graphical user interface is started by executing the command

softbase.exe from the command line. The path for the CAPS executables must be in your

path. Currently you must be either working on suns5 or rxterm'ed to suns5 to use this

interface. This is due to the requirement that the Interviews 3.0 libraries must be

mounted for the interface to execute. These libraries are currently only mounted on

suns5.

C. CAPS SOFTWARE BASE MAIN MENU (FIGURE F.1)

The CAPS Software Base main menu is the top level of the Software Base

Browsing System. From here all options of the Software Base are available. These

options are to add new components, update existing components, delete components,

browse by keyword, browse operators, browse types, query for a given specification,

and get on-line help (The help system is currently not implemented).

These options are organized into four categories: File, Browse, Query, and Help.

These categories make up the main menu for the system.

1. File

The file option is a pull down menu of operations. These operations are Add

Component, Update Component, and Quit. See section A.5 for details on how to select

pull-down menu items.
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Figure - F. 1 Main Menu

a. Add'Component

When this option is chosen the user will be prompted for the input files

by the input file selection window. See section D for a detailed description of how to use

this window.

Once the input files have been selected the system attempts to add the

component to the software base. If an error occurs an error display will be provided. If

no errors have occurred the input window will be removed from the screen to indicate a

successful addition.

b. Update Component

This option is used to provide an updated version of an existing

component. The method used is the same as for adding components except that the new

PSDL specification and implementation files will replace those that are currently in the

software base.
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C. Quit

This option quits the Software base Browsing system.

2. Browse

The browse option is a pull-down menu of browsing operations. These

operations are By Keyword, By Operator, and By Type. See section I for details on how

to select pull-down menu items.

a. By Keyword

Browsing by keyword means that the user will provide a list of desired

keywords via the Keyword Selection Window and then will be given a Component

Selection Window containing of those components in the software base which are

members of at least one of those keyword categories.

The contents of the Component Selection Window are ordered such that

those components which are members of more of the desired keyword categories are

first. See section E for more information on using the Keyword Selection Window and

section F for use of the Component Selection Window.

b. By Operator

Browsing by operator provides a Component Selection Window

containing all of the operator components in the software base. These components are

ordered alphabetically. See section F for details of how to use the Component Selection

Window.
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c. By Type

Browsing by operator provides a Component Selection Window

containing all of the type components in the software base. These components are

ordered alphabetically. See section F for details of how to use the Component Selection

Window.

3. Query

The query option allows for a query of the software base based on a given

PSDL specification. The user is prompted for a query specification with the Query

Specification Window. If any components were found that match the query specification

then a Component Selection Window is provided with all of the names of the matches in

it. See section VII for details on the Component Selection Window.

4. Help

This option provides an on-line version of this manual (not implemented).

D. INPUT FILE SELECTION WINDOW (FIGURE F.2)

Inputs to the software base are made up of three text files. The PSDL specification,

the implementation specification, and the implementation body. The input file selection

window allows the selection of each of these files.

The file selection boxes show the current working directory in the Directory Box,

and all of the files in that directory in the rest of the box. Double clicking on a file in one

of the file selection boxes selects that file. Double clicking on a directory in a file
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selection box will change to that directory. A new directory can be entered manually by

typing it in the Directory box. The name of the file can be entered manually by typing it

into the File Name box.

ra CAPS SOFTASE

Input File Selection

PSDI. File Pifinto Spcpeentaion oft

./uvdcw~m1/= .k1uvo~coe11d

celziux~to -fait.pedi calsiu-t-faewhet .psdl celuius-to.fazindiiet'pudi
intmprt-qe .pud integeqst.psa Lotaerset.paidl
inteipr..setjkq. bady. a 1ntaq~r.sitpq. body. a integrset-jq.body. a
intaprr..mt.pliq. spec. a inteaq~ett . *Pee. a integer-set-jakq. spec. a
Mq...esMPle Map..ei41e4 nwmexmple
qn:Pa q- .peal . .mpsdl
qusin pa. lbad. adt quee.psd1.bad.adt queou psd1.bad.adt
q- pid. bad. qw q-uu.psd1.ha-pz quima.pd.bad.ups
=:.pva1.b~uvvic qwwpadl,== .bduirc em.pudl.ba.worec

Figure - F.2 Input File Selecter

Once all of the input files have been entered pushing, OK will cause the input files

to be processed. Pushing Cancel will cause the input operation to terminate.

E. KEYWORD SELECTION WINDOW (FIGURE F.3)

This window allows the selection of keywords for a keyword search of the software

base. All keyword categories in the software base are list in the left hand Box. Double

clicking on a keyword will add it to the Keyword Selected box on the right hand side.

Double clicking on keywords in the Selected box will remove them. Once the desired

keywords have been selected pushing OK will start the search of the software base.

PushiAng Cancel will abort the search.
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Figure - F.3 Keyword Selecter

F. COMPONENT SELECTION WINDOW (FIGURE F.4)

This window displays a list of component names and a one line description of each

component. Double clicking on a component will bring up a view of that components

PSDL specification. See section VIII for details on using this view. This window is not

removed automatically when a component is setected for viewing so that multiple

components can be viewed simultaneously. To remove this window form the display

push the cancel button. Pressing the OK button will view the currently selected

component.
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Figure - F.4 Component Selecter

G. PSDL SPECIFICATION VIEWING WINDOW (FIGURE F.5)

This window displays the PSDL specification for a given component and allows

various actions to take place on that component. The action available are: printing the

specification, saving the specification to a file, deleting the component from the software

base, viewing the components Ada specification, and searching for a given text string in

the specification.

1. File

This is a pull-down menu for the print, save, delete, and quit view operations.

a. Print

Causes a printout of the specification to be spooled to the default printer.

b. Save As

Prompts the user for a file name and saves the specification to that file.
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c. Delete

The system verifies that no other components are dlependant on this

component and if not allows the user to confirm that they wish to remove this component

from the software base.

d. Quit View

Removes this view from the display.

CAPS SOMTASE

Viewing set pkgPSDL Speciftation
rile Find view Spec

t1, s
t~pkg

spcfcation
geemc t : CENEIC3_YPE.

blockisize :CO4UIC-VM.UE,
eq :ODIUC-PWUM

set :AMT

operator emty
epeciftcatia

output 3 "et
and

operator add

14=7t t. si get
outrnut so0 set

operator rieov
specfication

Figure - A.5 PSDL Specification Viewing Window

2. Find

Prompts for text to search for and if found repositions the cursor to that text

(not implemented).

3. View Ada Specification

Provides the Ada Specification Viewing Window for this component.
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H. ADA SPECIFICATION VIEWING WINDOW (FIGURE F.6)

This window displays the Ada specification for a given component and allows

various actions to take place on that component. The action available are: printing the

specification, saving the specification to a file, viewing the components Ada body, and

searching for a given text string in the specification.

CAPS SOMTASE
Viewing set pk Wllii~tton Speifcaton

File Find View Body

Iwith teat-ia; see teztjo:

bU"ksize:n natuiml:-12U;
with prouahif eq(x.y: ini t. Y SUMtAN);

pae abis private
type inza is arve;ay(natural romge >) Of natural;

procedure mty(s: out set);
Pree addW in t; si: in set. so :out set);
procedue nuieve(s: in t: a * in out set);
Proceduire smberWs in t; s: in set. Y : oolemn).
procedue uimmitl. s2: in set; s3: out set).
proce~Ire differance(sl. s2; in set; s3: out set);
procedure intersectim,(sl. 92: in set. s3: out set).
procedure sixe(s: in set. v :out natural):
proceue eaual(sl. *2: in set. v :out boolemn);

Figure - F.6 Ada Specification Viewing Window

1. File

This is a pull-down menu for the print, save, and quit view operations.

a. Print

Ca uses a printout of the specification to be spooled to the default printer.

b. Save As

Prompts the user for a file name and saves the specification to that file.
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c. Quit View

Removes this view from the display.

2. Find

Prompts for text to search for and if found repositions the cursor to that text

(not implemented).

3. View Ada Body

Provides the Ada Body Viewing Window for this component.

L. ADA BODY VIEWING WINDOW (FIGURE 7)

This window displays the Ada body for a given component and allows various

actions to take place on that component. The action available are: printing the body,

saving the body to a file, and searching for a given text string in the body.

1. File

This is a pull-down menu for the print, save, and quit view operations.

a. Print

Causes a nrintout of the body to be spooled to the default printer.

b. Save As

Prompts the user for a file name and saves the body to that file.

c. Quit View

Removes this view from the display.
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2. Find

Prompts for text to search for and if found repositions the cursor to that text

(not implemented).

P(DCAPS SOFTASE

Miewing set niughnpismntation Body
File Find

vith unceed~eflocation;
with uskhadlq e lok1 gwith deuiier.kg dolntepq

- tre iaane

- with pto, Ihe eq(x. y: in t. v boolomn).
package body setjhgq is

reccle.list: link :- null. - The recycle list for recycling sto
noesin recvcle list: natural :- 0; - The lengqth of the recycle
ndsin use: natural :- 0; - ?be numbher of set heap nodes in u~s

- In ait: nodvv...n..rsljist - lsnqth(recyclse List) 4. node

- Local ubprogram declarations.

fun~ction creatsa: natual; 0: elts type; next: link) retur
prc~.rmcyle(s: set);
fn taketnr ret dieracter:

Figure - F.7 Ada Body Viewing Window
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APPENDIX - G SOFTWARE BASE GRAPHICAL
USER INTERFACE SOURCE CODE

All of the classes with the extension of "-core" in their name are implemented with

code generated by the ibuild tool which is part of InterViews 3.Ob [Ref 19]. This code is

not presented here since it was machine generated. The class definitions for these "core

classes" are included since the leaf classes inherit from the "core classes". Ibuild

generated skeletons for the leaf classes. All that was required to implement this GUI was

the addition of the code for each of the leaf class methods.
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#iindet SB jnairn-menu-core-h
*def ine SB..main-menu-core-h

*include <InterViews/scene .h>

class Menultem;

class S13inain-men..core :public MonoScene{
public:

SB-main-menu-core(const char*);
virtual void AddComponento;
virtual void .AUpdateComponento;
virtual void quite);
virtual void browse-by..keywordo;
virtual void browse-by-typeo;
virtual void browse-by..nperatoro;
virtual void queryo;
virtual void -Helpo;

protected:
Interactor* Interioro;

protected:
Menultem* the-menufile.quit;
Menultem* the-menu.-browse -eyword;
Menultem. the-mnenu -browse -ype;
Menultem* theinenu-browse-by -operator;
Mlenuftem. the -menu-query;

#endif
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#ifndef SB..main..mena..h

#def ins SB-inain-menu.h

#include " SBjuain-mjeau-core -h

class SB..main-menu :public S Brnai n-menu-core{
public:

SB-nain-meiu(const char*);

* virtual void -AddCompoiiento;
virtual void -UpdateConiponenito;
virtual void quitoj;
virtual void browse-by-keywordo;
virtual void browse-by-typeo;
virtual void browse-by-operatoro;
virtual void query();
virtual void -Helpo;

#endif
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#ifndef body..viewer-core-h

*define body -viewer -core.I

#include <InterVievz/scene.h>

class HBox;
class Message;
class MenuBar;
class PulldownMenu;
class TextEditor;
class ButtonState;

class bo dy-viewer-core : public MonoScene{
public:

body..viewer-core( const char*);
virtual void -Saveaso;
virtual void YPrinto;
virtual void -QuitViewoI;
virtual void Sindo;

protected:
Interactor* Interioro;

protected:
HBox* the-ile.name;
Message* default -message;
MenuBar* rnenu-bar;
PulldownMenu* file-menu;
TextEditor* tie-editor;

#endif
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#ifndef body-viewer-h
*def ine body-viewer-h

#include " body-vi ewer- core.h

class body-viewer :public body-viewer-core{
private:

char* the-string;
char* comnponent-namne;
TextBuffer *thiebuffer;

public:
body-viewer( const char*conmponent-name, char *body-file);

virtual void -Saveaso;
virtual void YPrinto;
virtual void -QtitViewO;
virtual void -Find().

#endif
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*ifindot component-selecter -core -h

#define component selecter-core I

#include <InterViews/scene.h>

class StringBrowser;
class ButtonState;
class PushButton;

class component-selecter-core : public MonoScene{
public:

component -selecter -core( const char*);
virtual void selectedo;
virtual void cancel();
virtual void okayo;

protected:
Tnteractor* Interior( ):

protected:
ButtonState* the-browser.BS;
ButtonState* the-canceL-BS;
ButtonState* the-ok..BS;
StringBrowseri. the-browser;
PushButton*. cancel-button;
PushButton* ok-button;

#endif
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*ifndef component..selecter-±
#def ine component..selecter-h

#include " component-seale cter- core. .h"
*include <stream.h

class componentselecter :public componentselecter-core{
public:

component selec ter( const char*);

void Insert componentso;
void Insert -corn ponents( char *file-name);
virtual void selectedo;
virtual void cancel();
virtuaj void okay();

#endif
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#itndet delete -warning-core-h
#define delete-warning-core±i

*include <InterViews/dialog.h

class ButtonState:

class delete-warn ing-core :public Dialog{
public:

delete-war ni1ng-core(const char*);

protected:
Interactor* Interior( );

protected.

*endif
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*ifndef delete-warninghl
#define delete-warning _h

#include "delete-warning-core~h

class delete-warning :public delete-warning-core{
public:

delete wariiing(cozist cliar*):

#endif



#ifndef dependlancy-selecter -coreI
#define dependlancy -selecter -core I

#include <InterViews/scene.h>

class Message;
class StringBrowser:
class ButtonState;
class PushButton:;

class depend an cy selec ter -ore : public MonoScene{
public:

dependancy-selecter £ore( const char*);
virtual void new..selectiono;
virtual void reniove-selectiono;
virtual void cancel();
virtual void okayo;

protected:
Interactor* liiterior()

protected:
ButtonState* the-cloice.BS;
ButtonState* the..selected-BS;
ButtonState* canceL-BS;
ButtonState* ok,,y.BS;
Message* the-narne:
Message* the~choice..message
StririgBrowser* choice-browvser;
Message* the-selected -message;
StringBrowser* selected -.browser:
PushButton* the-cancel-button:
PushButton* the-ok-buttonm

#endif



#ifndef dependlancy..selecter-±

#def in. dependlancy .selecter -h

#include " dependancys el ect er- core. h"

class dependancy-selecter . public dependancy..selecter-core{
public:

depend ancy selecter(coust char*);

* void Insert .comnponentso;
virtual void new-selectiono;
virtual void remove..select ion o;
virtual void cancel();
virtual void okay();

#endif
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#ifndei error -iewer -core I
#define error -iewer-core I

#include <InterViews/scene. h>

class H Box;
class Message;
class TextEditor;
class ButtonState;

class error-iewer-core :public MonoScene{
public:

error -viewer core(const char*);
virtual void ok~actiono;

protected:
Interactor* Interioro;

protected:
ButtonState* ok-BS;
HBox* the -ile -nare;
Message* default -message-.
TextEditor* the-editor:

#endif
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#iludef error-viewer..h
#define error-viewer-h
#include <InterViews/textbuffer .h>
#include "error-viever-core .h"

class error-viewer :public error-viewer-core{
private:

TextBuffer *the-buffer;
public:

* error -iewer(const char*ntame, char *error-file);
void ok-actiono;

#endif
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#ifudef input -i le-selec ter -core I
#def ins input -ile-selecter -core Ih

#in~cluL-e <InterViews/scene. h>

class StringEditor;
class ButtonState;
class FileBrowser;

class input-file-selec ter-core : public MonoScene{
public:

input file-.selecter -core(const char*);
virtual void new- psdLfien ameo;
virtual void update-.pdsl-diro;
virtual void psdl-selectedo;
virtual void new-spec.fiI-narneo;
virtual void update-ada-spec-diro;
virtual void spec..selectedo;
virtual void newbody-file-nameo;
virtual void update..ada-body-diro:
virtual void body-selected();
virtual void cancel();
virtual void okayo;

protected:
Interactor* Interioro;

protected:
ButtonState* psl-ilenanme.BS;
ButtonState* psdl-dir8BS;
ButtonState* psdL-BS;
ButtonState* spec -ile-namne -BS;
ButtonState* ada-specilir.BS;
ButtonState* spec-files-BS;
ButtonState* body -ile .name-BS;
ButtonState* ada-body-dir-BS;
ButtonState* body..files.BS;
ButtonState* canceL-BS;
ButtonState* okay.BS;
StringEditor* psdl-fileiiarne;
StringEditor* psdl-dir;
FileBrowser* psdljles;
StringEditor* spec-ilenarne;
StringEditor* ada-spec-dir;
FileBrowser* spec-files;
StringEditor* body-file-nare;
StringEditor* ada-body-dir;
FileBrowser* body-ilies;

Sendif
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#ifzidef input AIe-selec ter-h
#def ins input fi le.selecter -h

*include " input-f ile-select er-core. h"

class input-file-selecter : public input-file-selecter-core{
public:

input file-selecter(const char*);

virtual void new-psd Lfi le-nameo;
virtual void update-pdsl-diro;
virtual void psdi-selectedo;
virtual void new-spec-file-name(),
virtual void update..ada-spec-diro;
virtual void spec..selectedo;
virtual void new-body-file-iarneo;
virtual void up date-ada-body-d iro;
virtual void body..selected()
virtual void cancel();
virtual void okay();

1;

#endif
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#iIndef keyword -selecter LcoreI
*def ine keyword -selec ter -core I

*include <InterVievs/scene.h>

class Message;
class StringBrowser;
class ButtonState;
class PushButton;

class keyword -selecter-core :public MonoScene{
public:

keyword -selec ter -core( cons t char*);
virtual void new-selection();
virtual void remove-seiectiono;
virtual void cancel();
virtual void okay,);

protected:
lnteractor* Interioro;

protected:
ButtonState* thechoiceBS;
ButtonState* the -selected .BS;
ButtonState* caiiceLBS;
ButtonState* ok-BS;
Message* the-narne;
Message* the-choice-anessage;
StringBrowser* choice-browser-,
Message* the..selected-imessage;
StringBrowser* selec ted -browser;
PushButton* the-cancel-button;
PushButton* the-okbutton;

#endif
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*ifndei keyword selecter Ii
#define keyword -selec ter -h

#include "keyuord..selecter-core .h"

class keyword -selecter -. public keyword-selecter-core{
public:

keyword -selecter( coixst char*);

void Insert -eywordso;
virtual void new..selectiono;
virtual void remove..selectiono;
virtual void cancel();
virtual void okay();

#endif
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Sitndei psdl-viewer-core-h
#define psdl-viewer-core I

*include <InterVieve/scene.h>

class ilBox;
class Message;
class MenuBar;
class PulldownMenu;
class Menultem;
class TextEditor;
class ButtonState;

class psdl-viewer-core :public MlonoScene{
public:

psdl-viewer-core( const chiar*);
virtual void -Saveaso;
virtual void -Printo;,
virtual void .Deleteo;
virtual void -QuitViewo;
virtual void -Lindo;
virtual void view-spec..actiono;

protected:
lnteractor* Interior();

protected:
HBox* the-flle.naine;
Message* default-message;
MenuBar* menu-bar;
PulldownMenu* file-mnenu;
Menultemn* view-spec;
TextEditor* the-editor;

Sendif
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#ifndei psdl-viewerl'i
#de1 ins psdl-viewer~i

*include "psdl-vieuer-core~h
#include <InterVieus/textbuffer h>
class psdi-viewer :public psdi-viewer-core

private:
char *cornponent-name;
char *psdi-file;

*char *spec -ile;
char *body-file;
char *thiestring;

TextBuffer *thie.buffer;

public:
psdl-viewer(const char*);

virtual void -Saveaso;
virtual void -Printo;
virtual void .fleteo;
virtual void -QuitView().
virtual void Sindo;
virtual void view-spec-actiono;
virtual void Handle( Event &);

#endif
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#ifndet query JfiIedialog-core-h
#def ins query -file-dcialog-core-h

*include <InterViews/dialog.h

class StringEditor:
class ButtonState;
class FileBrowser;

class query -ile-dialog-core :public Dialog{
public:

query -file dialog-core( const char*);

virtual void file-narne-actiono;
virtual void directory-actiono;
virtual void fiIe-browser-act ionO
virtual void canceLactiono;
virtual void okay-actiono;

protected:
Interactor* Interior();

protected:
ButtonState* dialog.BS;
ButtonState* the-file-nane-BS:
ButtonState* directory name-BS:
ButtonState* file-browser 3S;
ButtonState* cancel-BS;
ButtonState* okay.BS;
StringEditor* the$ile-.nme;
StringEditor* directory..narne;
FileBrowser* t.ie-flle.browser;

#endif



#ifudef query -ile -ialog-h
#def ine query file-dialog-h

#include " query-f ile-dialog-core -h

class query-file-dialog : public query-fi1-d ialog-core{
public:

query -file-.dialog(const chiar*);

virtual void fiIe-name- act ioii (;
virtual void directory-actiono;
virtual void filebrowserac t imi
virtual void cancel-action();
virtual void okay-actimo:
const char* file-liamreo:

#endif
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#ifndef save-browser Adialog-core I
#def ine save browser-dialog-core I

#include <InterViews/dialog.h>

class StringEditor:
class ButtonState:
class FileBrowser:

class save-browser-dialog-core :public Dialog{
public:

save browseri alog-core (cous t chiar*);

virtual void update-file-nameo;
virtual void update-directory();
virtual void file-browseraction( );
virtual void cancel-actiono(:
virtual void ok-actiono:

protected:
Interactor* lInterior( ):

protected:
ButtonState* dialog-BS;
ButtonState* file-naineBS;
ButtonStat.e* new-directory J3S:
ButtonState* fie browser _BS;
ButtonState* cancel-BS;
ButtonState* ok-3S;
StringEditor* the-fle-lanie:
StringEditor* the-directory -name;
FileBrowser* t lie -ile-browser:

#endif
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#ifudef save-browser-dialog-i
#define save..browser-dialog-h

#include " sav e.brow erdialog- core. h"

class save-browser -dialog : public save-browser-dialog-core

f
private:

char *default-nare;

public:
save-browser-dialog( const char*narne);

virtual void file-browser-ac tion (;
virtual void update-file-nameo;
virtual void update-di rectory();
virtual void cancel-actiono;
virtual void ok-actiono;
const char *file-naineo;

b~

#endif

281



#ifndef spec -iewer-corehJ
#def in. spec -v iewer -core -.h

#include <InterVievs/scene.h>

class HBox;
class Message;
class MenuBar;
class PulldownMenu;
class Menultemn;
class TextEditor;
class ButtonState;

class spec-viewer -core :public MonoScene{
public:

spec -iewer -core(const chxar*);
virtual void -Saveaso;
virtual void -Printo;
virtual void -QuitViewo;
virtual void -Yindo;
virtual void view- body-actionU

protected:
Interactor* Interior(l

protected:
HBox* the-iile-nanie;
Message* default-message;
MenuBar* menu-bar,
PulldownMenu* file-menu;
Menultem* view-.body;
TextEditor* the-editor;

#endif
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*ifndef specsviewerih

#def ins spec siewer ii

*include "spec-viever-core~h

class spec-viewer : public spec-viewer-core{
private:

char *component-nare;
char *body-file;
char *the-string;
Text Buffer *the-buffer:

public:

spec-viewer(const char*cornponent-narne, cliar*specifile, char *body-file);

virtual void -Saveas().
virtual void -Print(),
virtual void ..QuitViewo-,
virtual void YFind();
virtual void view-body-action();

#endif
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#include <InterViews/menu.h
*include "SBiuain-menu~h
*include <InterViews/button.h
*include <InterViews/interactor .h
#include <InterViews/2 .6/-enter .h

*include <InterViews/world.h
#include "keyword-selecter. h"
#include "component-s elect er h"
*include "input-A ile-selecter h"
#include error-vi ewer . h"
#include <stream.h
#include <strstream.h>
#include <stdlib .h>
#include <string. h>
#include "query-file-dialog .h

#def ins TEMP .EN VIRONMENT "TEMP"
#def ine CAPS-ENVIRONMENT "CAPS"
#def ine DEFAULT-TEMP ,/tmp"
#def ine TLPREFIX Itmptl"
#def ine ERROR-PREFIX "tmperror"
#define SBYPROGRAM "sb"

SB-nain..menu::SB-rnaiii-i-enu(const char* name) SB-main-menu-core(name) {

void S13j1nain-menu::quito

Worlds w=GetWorldo;
w-quito;

void SB .mai n-inenu: browse-by-keyword ()

World* w=GetWorldo;
keyword ..selecter* the -keyword ..selecter=new keyword -selecter(" the -key -wordselect er")
the -keyword -selecter-Insert keywordso;
// th ekeywo rd..selecte r-> Seffame ("Keyword Selection");
w-nsertToplevel(te.k-eyword -selecter, this);

void SBjnain-menu::browse-by-type()

World* w=GetWorldo;
component..selecter* componient-selecter-by-.type=new

cornponent-selecter(" copnn select er-by-type")
//create list of components

int command-status;
ostrstream command-biiffer:
ostrstream rernove-buffer;
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char *caps-dir =getenv(CAPS -ENVIRON MENT);
char *temp..dir =getenv(TEMP-ENVIRONMENT);

if (temp..dir == NULL)

temp-dir = niew char[strlen(DEFAULT-TEMP) + 1];
strcpy(tenp-dir, DEFAULT-TEMIP);

command-buffer < SBPROGRAM < ' ti ada
char *Iist-file = tempnam(temp-dir, TL-PREFIX);
char *error-file = tempnam(temp-dir, ERROILPREFIX);
command-buffer K< list-file ~< " >"< error-file ~< ends;

remove-buffer ~< "rm 0
remove-buffer ~< erroriie « ends;

char *rm-command = remove. bufl'er.stro;

char *command = command-buffer.stro;
command-stat us=system(conmand);

if (comnmand-status==O)

//no error occured so pass the 11 to the component selecter
component-selecter by Aype-Insert -components(list -file);
w-nsertApplication( component-selecter-by lype);

else

//display error info
cerr < "AN ERROR OCCURED WITH COMMAND < «command < 11\n"l;

//remove temp files
system (rm-command);
delete command;
delete rm-command;

void SB-mainmiienu::brovse-by-operator()

World* w=GetWorldo;
coniponent-selecter* component-selecter-by-type=new

component selec ter(" component -select er-by-type )
//create list of components

int comnman(L-statIus,
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ostrstream command-.buffer;
ostrstream remove-.buffer;

char *caps-dir =getenv(CAPS -ENVIRONMENT);
char *temp-dir =getenv(TEMIP.ENVIRONMENT);

if (temp-xlir == NULL)

teinp-ir = new char[str!en(DEFAULT-.TEMP) + 1];
strcpy( teinp-dir, DEFAULT-TEMP);

command-buffer < SB-PROGRAM < " ol ada "

char *Iist-file = tempnam(temp.dir, TL-PREFIX);
char *error-file = tempnani(temp-dir, ERROR..PREFIX);
command-buffer < list-file < " > " <«error-file < ends;

remove-buffer ~< "rm 11;
remove-buffer < error-file « ends;

char *rm-vcon-mand = remove-, buffer .stroI;

char *cormmand = cominand-buffer.stro;
command-status=system (comnmand);

if (coini-nand..status==J)

//no error occured so pass the ti to the component selecter
component-selecter-by iype-Insert-components(Iist -file);
w-IisertApplicatioii( component-selecter-by iype);

else

//display error info
cerr < "AN ERROR OCCURED WITH COMMAND < «command < "\n";

//remove temp files
system(rm-command);
delete comrmand;
delete rm..command;

void SB-inain-inenu::query()

World*w=GetWorld();
query -ile -dialog* the -query -dialog=new

query -file dialog( "the-query-dialog");
w- lnsertTraiisient(t lie -query Alia log, this);
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boolean status-flag=tile -query Aalog-Accepto;
if(status-flag)

w-sync();
int command-~status;

ostrstream comnmand-buffer;
ostrstream remove-buffer;

char *caps-dir =getenv( CAPS -ENVIRONMENT);
char *temp-dir =getenv(TENMKENVIRONMENT);

if (temp-dir == NULL)

temp-dir = new char[strlen(DEFAULT-TEMP) + 1];
strcpy(temp-dir, DEFAULL-TEMP);

command.buffer <SBPROGRAM K< 11 cq ada "

char *Iist-file =tempnam(temp-dir, TL-PREFIX);
char *error-file = tempnam( temp-dir, ERROR-PREFIX);
conmmand-buffer < the-query-dialog-~fiIe-name() <«1
command-buffer < list-file < 11 " < error-file < ends;

remove-bufl'er < "rm
remove-buff'er ~< error-file K< ends;

char *rn..-command = rernvebuffer.stro;

char *command = command-buffer.stro;
commnia ndstatus=system (command);

if (commnand .status=O0)

//no error occured so pass the tl to the component selecter

component selecter* component-selecter .by querynew
com ponent-selecter(" component _s elect er-by-cuery ");

conmponent-selecter-by -query-Insert -components(Iist -ilie);
w-InsertApplication( component-selecter-by-query);

else

/1display error info
error-viewer *error-view~new
error -viewer(" Add Component ",error-file);
w-InsertApplicationi(error-iew);
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// remove lemp files
system (rm-command);
delete command;

delete rn-command;

w-Remove(tlie-query-dialog);
delete thle-query -dialog;

void SB..main-menu::-AddComponent() I
World* w=GetWorldo;
input-file..selecter* in Jile=tiew input -ile selecter(" in -file");
w-.nsertApplication(inmule):

void SB-jnain-i-enu: :.UpdlateComponent()

World* w=GetWorldo;
input-flle-selecter* in.file=new input -Jle.selecter(I "in Jils");
w-InsertApplication (ir.J-ile);

void SB~snainjrinenu: :.Help()

system( doc -title 'Softbase Help' softbase.Jielp dock");
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*include <InterViews/button.h
*include <InterViews/box .h>
#include <InterViews/message .h>
#include <InterViews/menu. h>
#include <InterViews/texteditor .h>
#include <InterViews/textbuffer~h
*include "body-viewer .h"
#include " spec-viewer~h
# include "body-viewer~h
*include "save.browserdialog~h
# include <InterViews/world. h>
#include <InterViews/2.61..enter .h>
# include <strstream~h
#include <streazn.h>
#include <stdlib.h>
#include <string.h>

body -iewer:: body-viewer(const char* name, char *body~fie)
body-viewer-core( name)

component-nanme= (char *)name;
ostrstreazn view name-buffer;
view -i amebu ffer < component-name < "Implementation Body" « ends;
the -ile -..nme- Reinove( default-message);
delete defaultiessage:

Message* tlie-file-m-essage=iiew Message('f ile .name",
view-name-buffer.stro,
Center);

the -ile -naine- Insert(the ile -nessage);
the..-file..iiane-Changeo;

ifstream body (body -ile);
if (body)*

ostrstream construct-buffer;
wliile( !body.eofo)

char text= body.geto;
if(text$AEOF)

construct-buffer.put( text);

tlie .string=const ruct ..buffer.stro;
int the Jength =strien(the -string);
the .bufl'er=new Text Buffer( the -string,the lengthj,thJength);
theed itor- Edit ( t he-buffer);

else
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cerr <C "UNABLE TO OPEN BODY FILE TO VIEW FILEJAME IS
cerr < body-file K< "\no.;

void body-viewer:: :Saveas()

ostrstream def-narniebuffer;
def-name-buffer ~< component-name < ". body. a" « ends;
char *def-narne=def..namie-buffer .st ro;
save-browser -dialog *save-browser=new save-browser _d ialog(defin ame);
World *w=GetWorldo;
w -nsertTransient(save -browser, this);
boolean save -lag=save _b rowser- Accept();
if(save-flag)

ofstrearn output -Jile(save-browser-file ..nameo);
output-file < the-.string;
out 1)ut -ile.c lose()

w-Renove(save-browser):
delete save-browser;

void body -viewer:: -ri nt(){
/* unimplemnented *

void body-viewer::-Fiiid()
1* unimplemen ted *

void body-viewer::-QuitView()

fremove iemp file and remove application from the world
Wrd*w=GetWorldo:

w-Remove(this);
I/delete this:
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#includ* <InterViews/button.h
*include <InterViews/strbrovser~h
.$include "component-a elect er~h
*include <InterViews/2.6/_enter.h>
*include <stream.h
*include <string.h>
*include <InterViews/world.h
# include "padl-viewer~h
*include <strstream.h>

extern "C"
I

jut system(cliar*)

#define MAX.NAIME-LENGTH 2,56;

com ponent -selec ter:: com ponen t _se Iec ter( coust char* name) cornponent-selecter-core( name){

void component..selecter: :selected()

iut state-value;
the-browser £BS-GetValue( state -value);
if(statevalue#60)

%Vorld* w=GetWorld();

iiit selected iudex =the -browser-Selection(O);
if( selected Index>0)

char *selectedbuffer= theirowser-
String(selected -index);

char *selected -name=new char[strlen(selected-buffer)± 1];
int i=0:
wliile(selected-buffer[iI A'

selected -name[i] =selected -bffer[i];

selected _narnei =N U LL;

psdi-viewer* the-psdi-view=new
psdi-viewer(selected -.name);

w-Insert Application(the-psdl -view);

else

w-RIngBell( 100):

t lie _hrowser ..BS-Set Val ue(0):
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void component selec ter:: cancel()

World* w=GetWorldo:
w-Remove( this):
delete this;

void component-selecter: :okay()

hiit state-value;
the-ok .BS-Get Value(st ate-value);
if(stat e-al ue0O)

t lie -browser ..BS-SetValue( 1 :
lie okBS -Set ValIue( 0):

void corn ponent-selecter: Insert -£orponents()

the -browser- Append(" comp 1")
the-browser- Append (" comp 2");
the-browser- Append(" comp 3");
the-browser- Append(" "comp 4");
the-browser- Append(" camp S");
the-browser-A ppend(" comp 6");
t he -browser- Append(" comp 7"1);
the-browser- Append(" "comp 8");
the-browser -Append(" "comp 9");
tlhe-browser- Append(" comp 0");

void cornponeit-selecter:: Insert -comiponents( char *file-name)

char the-coin ponent[256J:

ifstream infile(fileiiarne);

while(! tinfi le.eofo)

infile.get.line( t hecorniponent .256);
the-browser-Append~( the-componenit):
infile > ws;
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ostrstream command;

command < "Irm «1 file-liane < ends;

char *the-command=cominand.str();

svstem( thiecorniand);
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#include <InterViews/button. h>
#include "delete-.warning. h"
#include <InterVievs/2.6/-enter h>

delete -warning:: delete warning(const char* name) delete-warning-core(name) {
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*include <InterVieus/message .h>
*include <InterVieus/strbrowser .h>
*include <InterViews/button. h>
*include "dependancy-selecter~h
#include <InterViews/uorld. h>
#include <InterVievs/2.6/_enter~h

depend ancy -selecter:: dcepend an cy -selecter( coust char* name) :dependancy-selecter £ore( name)

0}

void dependancy .selecter: :Insert -£orponents()

chie{rwe-ped, op11)
choice-browser- Append(" "camp 2");
chioice-browser-Appeiid(" comp 2");
choice -browser- Append(" "comp 4");
chioice-.browser-Appenid(" comp 4"1);
clioice-browser- Append(" "camp 5");
choice-browser-Appeiid( "camp 6");
choice-.b rowser- Append(" "camp 7");
choice _b rowser-A ppend( "comp 8");

choiceb rowser-A ppend(" "camp 0");

void depenidancy-selecter-: :new ,selection ()

ijit state-value;
the-choice .BS-GetValue(state -alue);
if(state-valueoO)

//get the new selection and check it against the
//selected list if it is not there than add it

int selected -index=chioice-browser-Selection(O);
char * new-selection =choice I.browser-*String(selected -index);
if(selected ..browser-Index(inew -selection) <0)

//not in the selected browser so append it
selected Irowser.-Append( new -selection);
thie-cloice.BS-SetValue(0);

void dependancy selec ter: remove -selection()

int state-value;
the -selected .BS-G et Val ue( state -val tie):
if(state-valueoO)

//renioie the selhcted entr-yfrv~in tf browser
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int selected jndex=selected-.browser-Selection (0);
selected -browser- Remove( selected index);
thie-selected .BS-SetValue(0);

void dependancy-selecter::cancel()

World* w=Gefforldoj;
w-Remove(tliis);
delete this;

void dependancy..selecter::okay()
World* w=Getforldo;
w-Remove( this);
delete this;
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#include "error-viever h"
*include <InterViews/button. h>
*include <InterViews/box. h>
#include <InterViews/message.h
#include <InterViews/menu.h
#include <InterViews/texteditor .h>
#include <InterViews/textbuffer .h>
#include <InterViews/world. h>
*include <InterViews/2.6/_enter .h>
#include <strstream.h>
#include <stream.h>
#include <stdlib.h>
#include <string.h>

error -iewer::error-viewer(const char* name, char *errorlfile)
error -viewer _core( name)

ostrstreami view n1areJ-llffer;
view._.namne-buffer < "Error Messages" « ends;
the -file_.n anie Remove( defaulI rnessage);
delete default-nessage;

Mvessage* tlie-ile-message=new Message( error J ile",
view-name.buffer.stro,
Center);

the -ile _n ae- Insert (the -ile -message);
thel-ile -i aie-Ch ange( )

ifstrearn error(errorl-ile);
if (error)

ostrstream construct -uffer;
while( !error .eofo)

char text =error. geto;
if(text$EOF)

const ruct -buffer. put (text);

char *the..string=construct-buffer.stro;
int theiengthi=strlen(the -string);
the-huffer=new TextBuffer(the -string, the length ,the length);
the -ed itor- Ed it (the buffer);

else

cerr < "UNABLE TO OPEN BODY FILE TO VIEW FILL-NAME IS
cerr < error-file < "\n":
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void error -iewer::ok-action(

World *w=GetWorldo;
w-Remove(this);
//delete this;
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*include <InterViews/button.h
#include <InterVievs/streditor .h
#include <InterVievs/filebrowser .h
*include "input-file-selecter. h"
#include "error.v i ever . h"
#include <InterViews/2. 6/enter.h>
*include <stream. h>
#include <string.h
*include <strstreain.h>
#include <InterViews/world.h
#include <sys/param.h>
#include <stdlib.h>
extern "C"

extern char *getwd(char*)

#define TEM PENV[RONMENT "TEMP"
#define CAPS-ENVIRONMENT "CAPS"
#define DEFAULT-TEMP "/tmp"
#define KWL-PREFIX "tmpkl"
#def ine ERROR-PREFIX "tmperror"
#define KWQ-PREFIX Iltmpcl"
#def ine SBYPROGRAM "sb"

input -file.selecter:input -ile -selecter(const char* name) input-file-selecter-core(name){

char pathname[M AX PATH LEN];
getwd(pathnarne);
psdljfiles-SetDirectory( pathname);
spec-files-SetDirectory( pathname);
body-fi es-.Set Directory (pathname);
psdI dir- Mess-age( psdl .fi les-Get Directoryo);
ada..spec-dir-Nlessage( psdl .Air-~Texto);
ada-body-dir-N Message( psdl-dir-TextQ);

void input-jile-selecter::psdl-selected()

int state .salue;
psdl..BS-*GetValue(state-value);
if(state-value54O)

int index=psdlifiles-Selection(O);
if(psdI -i les- TsA Directory (psd I -iles- Path (index)))

psdl dir- Message( psdl -files- Path( index));
ada-spec-dir- Message( psdi -fies- Path(index));
ada-b ody._d ir- Message( psdI fi les- Path ( nd(c x));
ps(I1 Iiles-Set Directory(psdl- dir-Text());

299



spec-iles-Set Directory (psdl -dir-Texto);
body-iles-SetDirectory(psdl-dir-Texto);
psdI -ile -name- Message("" );
spec..fiIenarne- Message("");
body -file-nane- Message(" ');

else

psdl -ile-.n ame- Message( psdl -iles- Path(index));
//update the other file names if the correct ones exist

psdl BS-SetValue(O);

void inputiie-selecter: :iipdate-pdsl .dir()
int state-value;
psdlI.-diriBS-GetVal ue(st ate -value);
if(state-valueoO)

/the user has entered a directory name of his own
const char * tenp-di rectory= psdl-files- Normalize(psdl-dir-*Texto);
char *new-directory=new char[strlen(temp-directory)+ 1];
strcpy(new iirectory, temp -directory);
if( psd I-i les-IsA Directory (new -directory))

psdi-dir-Miessage(new -directory);
ada-sp ec d ir- Message(new -directory);
ada-body-dir- Message(new-directory);
psdi files- Set Directory(new -directory);
spec-Jles-SetDirectory(new -directory);
body-files-Setlirectory(new -directory);

delete new-directory;
psdi-dir.BS-SetValue(O);

void input-file-selecter: :spec -selected()

int state-vaue;
spec -ilesi3BS-GetValue(state -val te);
if(state.value 6O)

int index=spec-Jiles-Selection( 0);
if(spec-files-IsADirectory(spec -files- Path( index)))

ada-specdir-NMessage(spec Jiles- Path (index));
ada-body-dir- Message(spec tles- Path (index));
spec-iiles-Set Directory(adaspec -dir-Texto);
body-files-Set Directorv( ada-spec Wir-Text());
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else

Spec -ile-nan-e- Message(spec -iles, Path (index));
Ifupdate the other file names if the correct ones exist

sp ec -iles .BS-SetValue( 0);

void i nputfie-selecter:: tp date ad aspec -Air(

int state-value;
ada-specdAir...BS-Get Value(state-value);
if(state-valueoO)

/the user has entered a directory name of his own
const char * tei-np-directory~spec-iles-Normalize(ada-spec-dir-Texto);
char *iiew-xirectory=new char[strlen(tem p-directory)+ 1];
strcpy (new A lrectory,temnp -directory);
if(spec-files- IsADirectory(new -irectory))

ada-spec -dir-*Message(new -directory);
ada-bodydir- Message(new -directory);
s pec Ji es- Set Di rectory (new -directory);
body -files-SetDirectory(new -directory);

delete new-directory;
ada..spec-dir.BS-SetValue(0);

void input-file-.selec ter:: body -selected(){
int state-value;
body -iles .BS-Get Value(st ate -alue);
if(state-value#O1)

int index= body-files-Select ion (0);
if(body-files- IsA Direc tory(body -iles-.Path (index)))

ada-body-dir-i' Message( body-files-Path(index));
body -iles- Set Di rectory (ada-body Air-TextO);

else

bodyfAii anie-N Message( body -i les-Path (index));

body-files-BS-SetValie(O);
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void input-file-selec ter:: update -ad a-body _dir()

int state-value;
ada-b odyAirBS-G et Val ue(state-val ue);
if(state -alue$#0)

/the user has entered a directory name of his own
const char *temp-directory=bodyfiles-Normalize(ada-body-dir-Texto);
char *new-directory=new charfstrlen(temp -directory )+ 1];
st rcpy (new -directory, temp -directory);
if( body-files-IsA Directory( new directory))

ada-bhody- i r-MNessage( new-di rectory);
bo d yviles-Set Di rectory (new -irectory);

delete new-directory;
adlaJbodydirBS-SetValue(O);

void input-file-selecter::caiicel()

World *w=Get~Vorld();
w- Rernove( this);
delete this;

void input-ile-selecter::okay()

int coniii-and-status;
World *w=GetWorldo:

char *psdl-file=NULL;
char *spec~file=NULL
char *bodyifile=NULL;
ostrstream psdliile.buffer;
ostrstream speciieibuffer;
ostrstreamn body-file-buffer;
// verify that all of the selected items are files
if(psd-files-Selections( >O && body ji les-Selections() > 0 &&

spec iles-Selec tions() > 0)

/something has been selected in each browser
so see if they are all valid files

iit psdl Jile-iium=psdi-files-Selection(0);
int spec -ile-num =spec .i les-Select ion (0);
int body-file-.num=body-files-Selection(0);
if( !psdi -iles-sADirectorv(psdi -iles-Path(psdl~ilenum)))
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//not a directory so get the file-name
psdl-file-buffer < psdI -iles- Path (psd1J-ile -num);
psil-file-buffer < ends;
psdl~file=psdl~filebuffer.strO;

if( !specfi les- IsA Di rectory (spec -iles,-'Path (spec -file -nu m)))

//not a directory so get the file-name
spec -file-buffer < spec Ries- Path(spec -file -num);
spec -file-buffer < ends;
spec Jfile=spec -file buffer.stro;

if(! body-files- IsA Directory (body files, Path (body -ile-num)))

//not a directory so get the file-name
bodyjfile-buffer ~< body-files-*Path(body-file-num);
body -ilebu ffer « ends;
body-file=body-file-buffer.stro;

if(spec-file ANULL k& psdl-file:ANULL && body-file#NULL)

//all were valid files so process the addition
char *teipdir=getenv(TEM P ENVIRON MENT);

if( temp-dir==NU LL)

temp..dir=new char[strlen( DEFAULT-TEMP)+ 1];
strcpy( temp-dir,DEFAULT-TEMP);

char *error -ile= tempn am (temp.di r, "tmpa");
ostrstrearn command-buffer;
command-buffer < SBPROGRAM < " ca ada
cornnand-buffer < psdl-file;
com mand-buffer < " < spec-file;
cornmanc-buffer < " < body-file;
commrand-buffer <« " <«error-.file « ends;

ostrstrearn rm-buffer;

rm-buffer < 'rm « <error-ile < ends;

char *cornnand=cor-nmanc-buffer.stro;

comrnand-status=system(command);
if(command-status#AO)

//display error info
error-viewer *error-view~new
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error -iewer(" Add Component ",error-file);
w-InsertApplication(error-view);
char *rm=rmnbuffer.str(),
system(rm);

else

char *rn=rmbutfer.strO;

systei(rin);

w-Remove( this);
delete this;

eelse

ww-Riiig~ell( 100)

1;

void input-ile.selecter::new -spec -file -iame()

void input-file-selecter::new -ody -ile name()
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*include <InterViea/buttoi.h
*include <InterVieva/message~h
#include <InterVieva/strbrowser.h>
*include " keyword-select er .h"
#include <InterViews/2.6/_enter.h>
#include <stream.h>
#include "coiuponent-selecter.h";
*include <InterViews/world. h>
#include <strstream.h>
#include <stdlib.h>
#include <string.h>

#define TEMNP-ENVIRONINMENT "TEMP"
#del ine CAPS-ENVIRONMENT "CAPS"
#def ine DEFAULI-TEMIP "/tmp"
#def ins KWLPREFIX "tinpkl"
#def ine ERROR-PREFIX "tmperror"
#def ine KVQPREFIX "Itmpcl"
#define SB3PROGRAM "sb'

keyword -selec ter:: key word -select er( const char * name): keyword selecter xore( namne)

void keyword -.select er.:
okay()

int commaiid..statuls;
// check buttonslate for a 0 ralue

World *w = Get Worido;
// check to f nsure that at least I keyword itas selected
if (selected-browser-Count) > 0)

ostrstream cominand-buffer:
ostrst ream remove-butfer;
char *caps..dir = getenv(CA PS _ENVIRON.NMENT);
char *temp-dir = geteivj ENIPENVI RON NMENT);
if (teip-dir == NULL)

temp-dir = new chiar[strlen(DEFAtLT-TENP) + 1];
strcpy(temp-dir, DEFAULT-TEMNP);

char *list-file = tempnam(temp-dir. KWL PREFIX);
ofstream otpt(list-fi le).
if (output)



/1opened the ka-! file fine
jut i:
for (i =0:; < selected -bowser-Counto; i±+)

//output each kuw selected to the file
output ~< selected -browser-String(i) ~< .\no';

out put. closeo:

w -Reniove( this):

chiar *result-fik = temipnam(temp-dir, KWQ..PREFIX);
chiar *error-file =tempniam(temp-dir, ERRORLPREFIX);
corniand-huffer ~< SBPROGRAM ~< " kwq ada " K< list-file K<
cominandimiffer ~< result..file ~< " >" ~< error-.file ~< ends;

remove-bufl'er < "rm
reiove-buffer < list-file < < error-ile;
remove-bufl'er < eiids:

cliar *ri-commrand = rerpovebuffer.stro;

chiar *commanid = conimand-buffer.stro;

commiiaiid..status=svstem( commanid);
component-selecter *component-selecter.by-keyword;
if (conmnii&status#60)

cerr < "AN ERROR OCCURED WITH COMMAND < command < "\no,:

else

//no error occured so create the component selectee'
com ponent-tielec ter -y -keyword = new

component-selecter(" component -select er-by-keyword");
//pass the rcsult stream to selecter to process

cornponent selec ter -by -keyword-
lnsert-components( result -file);

//rerore tem7p files
system( rni-coinma nd):
delete commnand;.
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delete rm-command;

w-InsertApplication(component-selecter-by-keyword);
delete this;}

else
{

cerr < "UNABLE TO OPEN THE kwl FILE\N1;
w- Remove( this);

w)

else{
w-RingBell(100);
// reset the button state

I;

void keyword -selecter::
cancel()

World *w = GetWorld(;
w-Remove(this);
delete this;

;

void keyword..selecter::
new -selection(){

int state-value;
the -choice _BS-GetValue( state -value);
if (state-value : 0)
{

// get the new selection and check it against the
// selected list if it is not there than add it
int selectedindex = choice-browser--Selection(O);
char *new-selection = choice-browser-String(selected index);
if (selected browser-Index(new selection) < 0){

// not in the selected browser so append it
selected -browser-Append(new selection);
the-choiceBS--SetValue(0);

};
};

void keyword -selecter::
remove-selection()
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int state-value;
the-.selected £BS-GetValue( state -value);
if (state-value :0 0)

//remove the selected entry from the browser
jut selected-index = selected lrowser-Selection(0);
selected -.browser,.*Remove(selected .index);
the-selected ..BS-SetValue(0);

void keyword -selecter::
Insert-kJeywords()

int command-status;
ostrstreain comlnandLbuffer;
ostrstrearn remiove-buffer;

char *caps-dir = getenv(GAPS-ENVIRONMENT);
char *temp-dir = getenv(TEM PENVIRON MENT);
if (temp-dir == NULL)

temp-dir = new char[strlen(DEFAULT-TEMP) + 1];
strcpy( tenip-dir, DEFAULT..TEMP);

command-.buffer < SB-PROGRAM < 1 kwl ada
char *list-file = tempnam(temp-dir, KWL-PREFIX);
char *errorlfile = tempnam(temp.dir, ERROR-PREFIX);
command-buffer < list-file < " > "«<error-file « ends;

remove-buffer < "rt 19;
remove-buffer < list-file < < error-file < ends;

char *rm-comniand = reniove-buffer.str(),

char *command = command-buffer.stro;
command..status=system( command);

if (commarid.status==0)

//no error occured so read in the kwl
ifstream kwf(Iist-iile);
if (kwf)

char *next-.keyword = new char[256];
// file opened fine
while (!kwf.eofol)

kwf. gedline( next -key word, 256);
kwf > WS;
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choice -browser-Append(next -keyword);

else

cerr < "UNABLE TO OPEN OUTPUT FILE FOPR COMMAND "

cerr ~< command < "nt

else

//display error info
cerr < "AN ERROR OCCURED WITH COMMAND < «command < "1\n"l;

//remove temp files
system(rm-command);
delete command;
delete rm-command;
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*include <InterViews/button.h
*include <InterViews/box.h
*include <InterViews/nessage .h>
*include <InterVievs/menu.h>
*include <InterViewu/texteditor .h>
#include <InterViews/textbuf for. h>
#include <InterViews/world.h
#include "psdl-viewer .h"
#include "spec-viewer .h
*include "uave-.browerdialog.h
*include "delete-warning.h
#include <string.h>
#include <InterViews/2 .6/..enter.h

#include <strstream.h
*include <streaiu.h>
#include <stdlib.h>

#define TEMP..ENVIRONMENT "TEMP"
#define CAPS-.ENVIRONMENT "CAPS"
#def ine DEFAULT-TEMP Of/tmp"
*define PSDL-PREFIX "tmpvp"
#det ine SPEC-PREFIX "tmpvs"
#define BODY-.PREFIX "tmpvb"
#def ine ERROR-PREFIX "ltmperrorl'
#define SBYPROGRAM Issb"i

psdl -viewer:: psdl-viewer( const char* name) :psdl-viewer-core(name)

component .name=(char *)name;
ostrstream view-.name-buffer;
view-.name-buffer ~< name ~< "PSDL Specif ication" « ends;
theiiBe -name- Remove( default-message);
delete defaul-i-nessage;

Message* the -ile -message= new Message(" file -name",
view-name-buffer.stro,
Center);

the-fie -name-Insert (thei-ilei-message);
the -ile -name-Changeo;
// get -the files from the soft base and open the psdl file

int comnmand-status;
ostrstreamn command-.buffer;
ostrstreamn remnove-buffer;

char *caps-dir = getenv(CAPS..ENVTRONM ENT);
char *temp..dir = getenv(TEMP-ENVIRON MENT);
if (temp.dir == NULL)

temp-dir = new cliar[strlei( DEFAU TJFMrr.P) + 11;
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strcpy(temp-dir, DEFAULL-TEMP);

command-.buffer < SBPROGRAM <«" cv ada "«<name;

psdl-file = tempnam(temp-dir, PSDL-PREFIX);
spec-file = tempnam(temp.dir, SPEC-PREFIX);

body-file = tempnam(temp.dir, SPEG-PREFIX);

char *error-file = tempnarn(temp-dir, ERROR-PREFIX);

command-buffer < < psdi-file < < " speclile;
command-.buffer < < body-file;

command-buffer < > " <«error-file « ends;
remove-.buffer < "rm " <«error-ile < ends;

char *command = command-buffer.stro;
com mand..status=system(commiand);

if (comi-and..status==O)

//no error occured so read in the psdi-file
ifstream psdl(psdl-file);
if (psdl)

ostrstreamn construct -buffer;
while( !psd1.eofo)

char text=psdl.getl9;
if( textoEOF)

construct-buffer. put (text);

the..string=construct ..buffer.stro;
int tbeiength =strlen (the -string);
the-buffer=new TextBuffer(the -string, the Jength,the Jength);
the -editor- Edit (the -uffer);

else

cerr < 'UNABLE TO OPEN PSDL FILE FOR COMMAND "

cerr < command ~< "\n";

else

//display error info
cerr < "AN ERROR OCCURED WITH COMMAND " « command < "\n";
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//remove temp files
char *remove-command=remove-buffer.stro;
system( remove-command);
delete remove-command;
delete command;

void psdl-viewer::$Saveas()

ostrstream deftname-buffer;
def..name-buffer < component-name < ".psdlY « ends;
char *def-iame=def-name-buffer.stro;
save-.browser -dialog *save-browser=new save-browser-dialog(def-iiame);
World *w=GetWorldo:
w-InsertTransient(save-~browser, this);
boolean save-Plag=save-b rowser- Accepto;
if(save-flag)

ofstrearn output file(save..browser-fiIe nameo);
output-file < the-.string;
output -fle.closeo;

w-Remove( save-browser);
delete save-browser;

void psdl-viewer::Yrint()
1* unimplemented *

I

void psdi-viewer:: -Delete()

World* w=GetWorldo;

delete-warning *warning=new delete-warning( "the-varning );
w- dnsertTransient (warning, t his);
if(warn ing- Accept())

//create list of comipontents
int command-.status;
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ostrstreamn command-buffer;
ostrstream remnove-buffer;

char *caps.dir =getenv(GAPS -ENVTRON MENT);
char *temp-dir =gete-nv(TEMP-ENVIRON MENT);
if (temp-dir == NULL)

f
temp-dir = new char[strien(DEFAULL-TEMP) + 1];
strcpy(tenp-dir, DEFAULT-TEMP);

command-buffer < SBPROGRAM <« cd ada "

command-.buffer < component-name < " "
char *error-file = tempnarn(temp-dir, ERROR.PREFIX);
command-buffer <«1 " <« error-file < ends;

remove-.buffer ~< "rm 11;
remove-buffer ~< error-file « ends;

char *rn-comi-and = remove- buffer.stro;

char *command = cornmand-buffer.stro;

//put dialog here to ensure this is what you want

command..status=system (command);
if (cornmand..status#O0)

IIdisplay error info
cerr < "AN ERROR OCCURED WITH COMMAND < «command < "\no.

//remove temp files
system(rm-command);
delete command;
delete rnucornmand;

w-.Remove(wvarning);
delete warning;

void psdi-viewer::-Quit View()

World *w=GetWorldo;
w-Remove(this);
ostrstream remove-buffer;
remove-buffer '< 'Irm " < psdi-file < < spec-ile;
remove-buffer < < body-file < ends;
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char *remove=remove-buffer.stro;
system(remove);

delete the-string;
delete the-buffer;
f/delete this;

void psdl-viewer::-.Find()
/* unimplemented *

void psdl-viewer:: view-spec-action()

World *wv=GetWorldo;
specsviewer * new-view=niew spec -viewer(component -name,

spec-jile,
bodyile);

w- InsertApplication(new-view);

void psdi-viewer:: Handle (Event& e)
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*include <InterViews/button.h
*include <InterViews/streditor .h
*include <InterViews/f ilebrouser .h
#include <InterViews/world.h
*include "query-file-dialog .h

*include <InterViews/2 . 6/enter .h

*include <stream.h>
#include <string.h
*include <sys/param.h>
*include <stdlib.h>
*include <strstream.h>
extern "C"

extern char *getwd(char*)

query -i le-dialog:: query-fi ledialog( const char* name) query -ile-dialog-core(name)

char pathname[M AX PATH LE NJ;
getwd(pathname);
the -ile -rowser-Set Directory(pathname);
directory -nae- Message( the~ie-browser-GetDirectoryO);

void query -ile-ialog::file-namiieaction()

World *w=GetWorld);

// ensure file does not already exist
iut state-value;
the -ile _n arnBS-Get Val ue(state-value);
if(state-valueo0)

iut the-index= the -ile -browser-Index(the -file -name-+TextO)
if(the-index > 0)

else-

//update the save browser button to 1 to indicate
//success

the -ile browser-Select(the -index);
dialog-BS-SetValue( 1);
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the-file-name-BS-SetValue(0);

void query le-dialog:: directory-action()

World *w=GetWorldo;
int state-value;
directory -nameBS-GetValue(state-value);
if(state-value 0O)

I
// the user has entered a directoryj name of his own
const char

*temp-directory= the -ie -browser- Normaize(directory nae-TextO);
char *new-directory=new char[strlen (tenp -directory)+ 1];
strcpy( new -Airectory,temp..-directory);
if( the-file..browser- IsA Directory(new -directory))

directory -narne- Message(new -directory);
the-ile browser--SetDirectory(new -directory);

else

w-RingBeiI( 100);

delete new-directory;
directory _narne..BS-SetValue(O);

void query Alle-dialog:: file..browser-action(

int state-value;
file-browser .3S-Get Value( state -value);
if(state-.value$0O)

int index= the -ile -browser-Selection(0);
if(the-ilebrowser-sADirectory( the -file -browser-Path(index)))

directory -.nane- Message(the -ile -rowser- Path(index));
the -ile browser-SetDirectory(directory -name-TextO);

else

thei-ile -name- Nessage( the -ile -browser-,String(index));
dialog.BS-SetValue(l1);
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file..browser..BS-SetValue(0);

void query -ile-dialog:: cancel-ac tion()

int state-value;
cancel .BS-Get Value( st ate -alue);
if(state-value540)

//a value other than I indicates false
dialog-BS-Set Value( 2);
cancel _BS- Set Val ue(O);

void query -ile-dialog::okay-action(

World *w=Get\Vorldo;
int state-value;
okay..BS-GetVal ue(state -value);
if(state-value#AO)

int the-index= the-ile _b rowser-Index(the Jile -name-Text 0);
if(the-index < 0)

//file already does not exists
iv-RingBell( 100);

else

//update the save browser button to 1 to indicate
//success

dialogBS-Set Value( 1);

okay BS-SetVal ue(0);

const char *query-file-dialog: :file-name()

ostrstream full -i leji aie:
fulI-file-name < the-file-browser-Get Di rectoryo;
fulI-file-name < the-file-narne-Text();

return filL-file-name.str( :
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*include <InterVievs/button. h>
*include <InterViewu/streditor.h>
#include <InterViews/f ilebrovser.h
*include <InterViews/world.h
*include "save.browerdialog .h"
*include <InterViews'2 . 6/enter .h>
*include <streain.h>
#include <string.h
*include <sys/paran.h>
#include <stdlib.h>
*include <strstream.h>
extern "C"

extern char *getwd(char*)

save-browser Adialog: :save browser A i alog(const char* name) save-browser-dialog-core( name)

default narne=(char *)name;
char pathniame[MIAX PATH LEN];
getwd(pathname);
the-file-browser-SetDirectory(pathname);
the Ali rectory -name- Nlessage( the -file -.browser-Get Directory());
the -i leji ne-~ Nlessage( defaulIt name);

void save-browser -.dialog:: file-browser-ac tion()

int state-value;
fiIe-browser.BS-GetValue( state -value);
if(state-value#4O)

int index= the -ile browser-Selec tion (0);
if( the-le-browser- IsA Directory (the -file _browser- Path (index)))

thledAI rectory niame- Message(the -ilei-rowser- Path (Index));
the -ile-browvser-Set Directory( the -irectory -name-Texto);

file-browser.BS-SetValue( 0);

void save-browser-(Iialog::update-file-name()

World *w=GetWorldo:

//ensure file does not already erist
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int state-value;
file-nameBS-GetValue(state-value);
if(state-value#O)
{

int theindex=the-file-browser- ndex(the file -name-Texto);
if(the-index > 0)
{

//file already exists so do not accept it

w-RingBeli( 100);
}
else{

// update the sare browser button to I to indicate
//success
dialogBS-SetValue( 1);

};
fi le-nameBS-Set Valie( 0);

void save-browser dialog: :update-directory()
{

World *w=GetWorldo;
int state-value;
new -directory _BS-Get Val ue(state -value);
if(state-value 0)

{
// the user has entered a directory name of his own
const char

,temp-directory= the-file-browser- Normalize(the-directory-name-Text 0);
char *new-directory=new char[strlen(temp-directory)+ I];

strcpy(inew directory,temp-directory);
if( the-file-browser-IsA Directory(new directory))
{

thedirectory -name- Message( new -directory);

the-file _browser- Set Directory(new -directory);
}
else
{

w-RingBell( 100); 4
};
delete new-directory;
new -directory _BS-Set Value(0):

}:

void save-browser dialog:: cancel-act ion()

{

320



int state-value;
cancel £BS-Get Value( state -alue);
if(state-valuei40)

//a value other than 1 indicates false
dialog-BS-SetValue(2);
cancel .BS-Set Val ue(0);

void save-browser-dialog::ok-action()

World *w=GetWorldo;
int state-value;
okLBS-GetValie(state-value);
if(state..valueo0)

int the -ndex= the -ile -browser-Index(the -ile nlame-Texto);
if(the-index > 0)

//file already exists so do not accept it

I- ig el(0 )

else

//update the save browser button to 1 to indicate
//success

dialog-BS-SetValue( 1);

ok..BS-SetValue(0);

const char *save-browser-dialog:: fi lename()

ostrstreamn full~il-name;
full-fle-name < the-fiIe-browser-Get Directoryo;
full~ie..name < the-file-name-Texto;

return full-file-name.str(;
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#include <InterViews/painter.h
*include <InterViews/shape.h
#include <InterViews/eensor .h>
*include <InterViews/world. h>
* include "SB-ain.menu h"
*include <InterViews/2.6/-enter~h

static PropertyData propertiesl = I
*include "mci tbas s-props"

1 11*title, CAPS SOFTBASEIII,
{nil)

static OptionDesc optionsfl = I
I nil I

int main (int argc, dhar** argv){
World* w = new World(-1****'f, argc, argv, options, properties);
SBjnain-i-enu* the-main-menu = new SB-mairmenu( "th&.inain-menu"l);
w , nsertApplication (the rnain-menu);

w-RunO);
delete w;
return 0;
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*include <InterViews/button .h>
*include <InterViews/box.h
#include <InterViews/message .h>
*include <InterViews/menu-h>
*include <InterViews/text editor.h
#include <InterViews/textbuffer .h>
#include <InterViews/world. h>
#include "spec-viewer .h
#include "psdl-viever~h
#include "body.viever .h"
#include " save..browserdialog. h
#include <InterViews/2 . 6/enter .h
#include <strstream.h
#include <streazn.h>
#include <stdlib .h
#include <string.h>

spec-viewer: :spec siewer( const char* name, char *spec-file, char *body-file-in)
spec -viewer -core( name)

cornp onent name= (char * )name;
body-file= body -ile-.in;
ostrstream view -name-buffer;
view..-name-buffer < component-.name < "Implementation Specification" « ends;
thie-ile-iianie-Remove(default-inessage);
delete default-message;

Message* the Jiie-nessage=new Message(" 'ile .nameu,
view-name-buffer.stro,
Center);

the -ile _n ame- Insert(the -ile -message);
the -ile-name-Ghiangeo;

ifstreamn spec(spec.-file);
if (spec)

ostrstream construct buffer;
while( !spec.eofo)

char text =spec.geto;
if(text#EOF)

const ruct buffer. put (text);

the-string=construct -buffer.stro;
int thelength=stren( the -string);
the-buffer=new Text Buff( r(the-string, theiJength,the Jength);
the-editor- Edit(the -buffer);

else
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cerr < "UNABLE TO OPEN SPEC FILE TO VIEW FILE-AME IS "

cerr < spec..file < "\n..

void spec.-viewer:: Saveas()

ostrstrearn def-.name..buffer;
deftname.buffer < component-name < ". spec. a" « ends;
char *def..name=def-narn-buffer.stro;
save-.browser -ialog *save-browser=new save-browser-dialog(def-name);
World *w=GetWorldo;
w- InsertTransient(save -browser, this);
boolean save-flag=save-browser-Accepto;
if(save-fiag)

ofstream output -ile(save-browser-file-nameo);
output-file < thie.string;

t put -ile. closeo;

w- Rernove(save-browser);
delete save-browser;

void spec -iewer::..Print()
1* unimplemented *

void spec -viewer:: QuitView()

//remove temnporary file and remove application from world
World *w=GetWorldO;
w-,Remove(this);
//delete this;

void spec -iewer::-Find(){
/* unimplemented *

I

void spec -iewer:: view -body-act ioti(

World *w=GetWorld():
body-viewer *new-view=new body -vie~~'er( conponent-name,
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bodyfile);
w-InsertApplication (new -view);
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